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PUEFACE. 


Tms  compondiotis  treatise  is  designed  to  furnish  classes 
in  the  higher  seminaries  of  learning,  colleges,  and  medi- 
cal schools,  as  well  as  private  students  generally,  with  a 
suitable  text-book  of  Structural  and  Physiological  Botany, 
and  a  convenient  introduction  to  Systematic  or  Descriptive 
Botany,  adapted  to  the  present  condition  of  the  science. 
The  favor  with  which  the  former  editions  have  been  re- 
ceived, while  it  has  satisfied  the  author  that  the  plan  of  the 
work  is  well  adapted  to  the  end  in  view,  has  made  him  the 
more  desirous  to  improve  its  execution,  and  to  render  it  a 
better  exponent  of  the  present  state  of  Botany.  In  this 
view,  the  structural  and  physiological  part  of  the  work,  and 
the  chapters  on  the  Principles  of  Classification  and  of  tlie 
Natural  System,  have  been  again  almost  entirely  rewritten, 
and  such  changes  made  as  the  advanced  state  of  our  knowl- 
edge required,  or  the  author's  continued  experience  in 
teaching  has  suggested.  This  hajs  been  done  without  in- 
creasing the  extent  of  this  part  of  the  volume,  which,  con- 
sidering the  limited  time  devoted  to  the  study  in  our  col- 
leges, &c.,  is  found  to  be  as  full  as  is  desirable  for  a  text- 
book. Being  intended  as  a  manual  for  instruction  merely, 
the  Illustrations  of  the  Natural  Orders,  which  form  the  prin- 
cipal portion  of  the  systematic  part  of  the  work,  are  brief 
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ir  PBEPACE. 

and  general.  Such  a  sketch,  however  amplified,  could  never 
take  the  place  of  a  Flora,  or  System  of  Plants,  but  is  de- 
signed merely  to  give  a  general  idea  of  the  distribution  of 
the  vegetable  kingdom  into  families,  &c.,  with  a  cursory  no- 
tice of  their  structure,  properties,  and  principal  useful  pro- 
ducts. In  applying  the  principles  of  classification,  and  his 
knowledge  of  the  structure  of  plants,  to  the  investigation  of 
the  plants  that  grow  spontaneously  aroimd  liim,  the  student 
will  necessarily  use  some  local  Flora,  such,  for  example,  as 
the  author's  Manual  of  the  Botany  of  the  Northern  United 
States.  For  particular  illustrations  the  botanist  may  ad- 
vantageously consult  the  author's  Genera  of  the  Plants  of 
the  United  States  illustrated  by  Figures  and  Analyses  from 
Nature  J  of  which  two  volumes  have  been  published. 

About  twenty-four  of  tlie  wood-cuts  are,  by  permission, . 
selected  from  original  sketches  made  for  a  Report  on  the 
Trees  of  the  United  States^  in  preparation  by  tlie  author  for 
the  Smithsonian  Institution.    The  numerous  figures  added 
to  this  edition  are  wholly  of  an  original  character. 

The  numerals  enclosed  in  parentheses,  which  abound  in 
the  pages  of  this  work,  are  references  to  other  and  mostly 
earlier  paragraphs,  in  wliich  the  subjects  or  the  terms  iu 
question  are  treated  of  or  explained. 

A  full  Glossary  or  Dictionary  of  Botanical  Terms  (com- 
bined with  an  Index)  is  added  to  the  volume.  In  this,  it 
is  thought,  the  student  will  find  explanations  of  all  the 
technical  botanical  terms  he  is  likely  to  meet  with  in  descrip- 
tive works,  written  in  tlie  English  language.  Tlie  words 
are  here  accentuated,  in  all  cases  where  this  seemed  to  be 
needful. 

Harrard  Unirenity,  Cambridge,  Sept.  1857. 
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BOTANICAL    TEXT-BOOK 


INTRODUCTION. 

GENfERAL   VIEW  OF  THE  BCIENCE. 

1.  BoTANT  is  the  Natural  History  of  the  Vegetable  Emgdom. 
The  vegetable  kingdom  consists  of  those  beings  (called  Plants) 
which  derive  their  sustenance  from  the  mineral  kingdom,  that  is, 
fh>m  the  earth  and  air,  and  create  the  food  upon  which  animals 
five.  The  proof  of  this  proposition  will  be  hereafter  afforded,  in 
the  chapter  upon  the  Food  and  Nutrition  of  Plants.  The  vegetable 
kingdom,  therefore,  occupies  a  position  between  the  mineral  and 
the  animal  kingdoms.  Comprehensively  considered.  Botany  accord- 
ingly embraces  every  scientific  inquiry  that  can  be  made  respect- 
ing plants,  —  their  nature,  their  kinds,  the  laws  which  govern 
them,  and  the  part  they  play  in  the  general  economy  of  the  world, 
— their  relaticms  both  to  the  lifeless  mineral  kingdom  below  them, 
from  which  they  draw  their  sustenance,  and  to  the  animal  kingdom 
above  them,  endowed  with  higher  vitaUty,  to  which  in  turn  they 
render  what  they  have  thus  derived. 

2.  There  are  three  aspects  under  which  the  vegetable  world  may 
be  contemplated,  and  from  which  the  various  departments  of  the 
sdence  naturally  arise.  Plants  may  be  considered  either  as  indi- 
vidual beings;  or  in  their  relations  to  each  other,  as  collectively 
GonsUtuting  a  systematic  unity,  that  is,  a  vegetable  kingdom ;  or  in 
their  relations  to  other  parts  of  the  creation,  —  to  the  earth,  to 
animals,  to  man. 

S.  Under  the  first  aspect,  namely,  when  our  attention  is  directed 
to  the  plant  as  an  individual,  we  study  its  nature  and  structure,  the 
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kind  of  life  with  which  it  is  endowed,  the  organization  through 
which  its  life  is  manifested ;  —  in  other  words,  how  the  plant  lives 
and  grows,  and  fulfils  its  destined  offices.  This  is  the  province  of 
PHYSIOLOGICAL  BOTANY.  This  department  of  the  science 
naturally  divides  into  two  branches,  namely,  Structural  Botany  and 
Vegetable  Physiology,  which  arise  from  the  different  views  we  may 
take  of  plants.  The  study  of  their  organization  belongs  to  Struc- 
tural Botany,  which  includes  every  inquiry  respecting  their 
structure  and  parts.  And  this  may  again  be  divided  into  ti^'o 
branches,  viz. :  —  Ist,  Vegetable  Anatomy,  or  Phytotomy,  the 
study  of  the  minute  structure  of  vegetables  as  revealed  by  the 
microscope ;  and  2d,  Organography,  the  study  of  the  organs  or 
conspicuous  parts  of  plants,  as  to  their  external  conformation ;  in- 
cluding Morphology  (the  study  of  forms),  which  relates  to  tlie 
conformation  and  the  symmetrical  arrangement  of  these  organs, 
and  the  modifications  they  undergo,  either  in  different  species, 
according  to  the  conditions  of  their  existence,  or  in  the  same  indi- 
vidual in  the  course  of  its  development, — a  department  analogous 
to  what  is  termed  Comparative  Anatomy  in  the  animal  kingdom. 
Thus  in  Structural  Botany,  whether  we  regard  the  external  con- 
formation or  the  minute  internal  structure,  the  plant  is  viewed  as 
a  piece  of  machinery,  adapted  to  the  accomplishment  of  certain 
ends.  On  the  other  hand,  the  study  of  this  apparatus  in  action, 
endowed  with  life,  and  fulfilling  the  purposes  for  which  it  was  in- 
tended, and  also  of  the  forces  which  operate  in  it  and  by  it,  is  the 
province  of  Vegetable  Physiology. 

4.  The  subjects  which  Physiological  Botany  embraces,  namely, 
Vegetable  Anatomy,  Organography,  end  Physiology,  therefore, 
spring  naturally  from  the  study  of  vegetables  as  individual^  — 
from  the  contemplation  of  an  isolated  plant  throughout  the  course 
of  its  existence,  from  germination  to  the  flowering  state,  and  the 
production  of  a  seed  like  that  from  which  the  parent  stock  origi- 
nated. These  branches  would  equally  exist,  and  would  form  a 
highly  interesting  study  (analogous  to  human  anatomy  and  physi- 
ology), even  if  the  vegetable  kingdom  were  restricted  to  a  single 
species. 

5.  But  the  sdence  assumes  an  immeasurably  broader  interest  and 
more  diversified  attractions,  when  we  look  upon  the  vegetable  crea- 
tion as  consisting,  not  of  wearisome  repetitions  of  one  particular  form, 
in  itself  however  perfect  or  beautiful,  but  as  composed  of  thousands 
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of  speciesy  all  constructed  npoa  one  general  plan,  indeed,  but  this 
plan  modified  in  each  according  to  the  rank  it  hdds,  and  the  cir- 
cumstances in  which  it  is  placed.  This  leads  to  the  second  great 
department  of  the  science,  namely,  SYSTEMATIC  BOTANY,  or 
the  stu^y  of  plants  in  their  relations  to  one  another ;  as  forming  a 
vegetable  kinffdam^  which  embraces  an  immense  number  of  species, 
resembling  each  other  in  very  various  degrees^  and  therefore  capable 
of  being  grouped  into  kinds  or  generoy  into  orders^  ckuseSf  &c. 

6.  Thus  arises  Classification,  or  the  arrangement  of  plants  in 
systenuitic  order,  so  as  to  show  their  relationships;  also  Special 
Descriptive  Botant,  embracing  a  scientific  account  of  all  known 
plants,  designated  by  proper  names,  and  distinguished  by  clear  and 
exact  descriptions.  Necessarily  connected  with  these  departments 
is  Terminologt  or  Glossologt,  which  relates  to  the  implication 
of  distinctive  names  or  terms  to  the  several  organs  of  plants,  and 
to  their  numberless  modifications  of  form,  d^c  The  accomplishment 
of  this  object  renders  necessary  a  copious  vocabulary  of  technical 
terms ;  for  the  current  words  of  ordinary  language  are  sot  suf- 
ficiently numerous  or  precise  for  this  purpose.  New  terms  are 
therefore  introduced,  for  accurately  expressing  the  great  variety 
of  new  ideas  to  which  the  exact  comparison  of  plants  gives  rise ; 
and  thus  a  technical  language  has  gradually  been  formed  (in  this 
as  in  every  other  science),  by  which  the  botanist  is  able  to  describe 
the  objects  of  his  study  with  a  clearness  and  brevity  not  otherwise 
attainable. 

7.  These  several  departments  include  the  whole  natural  history 
of  the  vegetable  kingdom,  considered  independently.  But,  under 
a  third  point  of  view,  plants  may  be  contemplated  in  respect  to  their 
relations  to  other  parts  of  the  creation ;  whence  arises  a  series  of 
interesting  inquiries,  which  variously  connect  the  science  of  Botany 
with  Chemistry,  Geology,  Physical  Geography,  Ac  Thus,  the  re- 
lations of  vegetables  with  the  mineral  kingdom,  considered  as  to 
their  influence  upon  the  soil  and  the  air, — as  to  what  vegetation 
draws  from  the  soil  and  what  it  imparts  to  it,  what  it  takes  from 
and  what  it  renders  to  the  air  we  breathe ;  and,  again,  the  relations 
of  the  vegetable  to  the  animal  kingdom,  considered  as  furnishing 
sustenance  to  the  latter,  and  the  mutual  subservience  <^  plants  and 
animals  in  the  general  economy  of  the  world,  —  all  these  inquiries 
bek>ng  partly  to  Chemistry  and  partly  to  Vegetable  Physiology; 
while  the  practical  deductions  from  them  lay  the  foundation  of 
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scientific  Agriculture,  &c  The  relations  of  plants  to  the  eartfa, 
considered  in  reference  to  their  natural  distribution  over  its  surface 
and  the  laws  that  regulate  that  distribution,  especially  as  connected 
with  climate,  give  rise  to  Gbooraphical  Botany,  a  subject  which 
connects  Botany  with  Physical  Geography.  Under  the  same  gen* 
eral  department  naturally  falls  the  consideration  of  the  changes 
which  the  vegetable  kingdom  has  undergone  in  times  anterior  to 
the  present  state  of  things,  as  studied  in  the  fossil  remains  of  plants, 
(a  contribution  which  Botany  offers  to  €reology,)  as  well  as  of  those 
changes  which  man  has  effected  in  the  natural  distribution  of 
plants,  and  the  alterations  in  their  properties  or  products  which 
have  been  developed  by  culture. 

8.  Of  these  three  great  departments  of  the  science,  that  of 
Physiological  Botany,  forming  as  it  does  the  basis  of  all  the  rest, 
6rst  demands  the  student's  attention. 
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STRUCTURAL  AND  PHYSIOLOGICAL  BOTANY. 


9.  The  principal  subjects  which  belong  to  this  department  of 
Botany  maj  be  considered  in  the  most  simple  and  natural  order 
bj  tracing^  as  it  were,  the  biography  of  the  vegetable  through  the 
successive  stages  of  its  existence,  —  the  development  of  its  essen- 
tial organs,  root^  stemy  and  foUctge^  the  various  forms  they  assume, 
the  offices  they  severally  perform,  and  their  combined  action  in 
carrying  on  the  processes  of  vegetable  life  and  growth.  Then  the 
ultimate  devebpment  of  the  plant  in  flowering  and  fructification 
may  be  contemplated,  —  the  structure  and  office  of  the  flower,  of 
the  fruit,  the  seed,  and  the  embryo  plant  it  contains,  whicli,  afler 
remaining  dormant  for  a  time,  at  length  in  germination  develops 
into  a  plant  hke  the  parent ;  thus  completing  the  cycle  of  vegetable 
life.  A  preliminary  question,  however,  presents  itself.  To  under- 
stand how  the  plant  grows  and  forms  its  various  parts,  and  to  get 
a  clear  idea  of  what  groMrth  is,  we  must  first  ascertain  what  pkmts 
are  made  of. 


CHAPTER     I. 

op  the  elementabt  strtjctitre  op  plants. 
Sect.  L    Op  Organization  in  Gexeral. 
10.  The  Elementarr  Constitotioa  of  Plants.    In  considering  the 

materials  of  which  vegetables  are  made,  it  is  not  necessary  at  the 
outset  to  inquire  particularly  into  their  chemical  or  ultimate  com- 
position, that  which  they  have  in  common  with  the  mineral  world 
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As  ihej  derive  all  the  matenals  of  their  fabric  from  the  earth  and 
air,  plants  can  possess  no  simple  element  which  these  do  not  suppty. 
They  may  take  in,  to  some  extent,  almost  every  element  which  is 
thus  supplied.  Suffice  it  for  the  present  to  say,  that,  of  the  about 
sixty  simple  substances  now  recognized  by  chemists,  only  four  are 
essential  to  vegetation  and  are  necessary  constituents  of  the  vege- 
table structure.  These  are  Carbon^  Hydrogen^  OxygeUy  and  Nitro- 
gen.  Besides  the^e,  a  few  earthy  bodies  are  regularly  found  in 
plants,  in  small  and  varying  proportions.  The  most  important  of 
them  are  Sulphur  fmd  PhosphortiSy  which  are  thought  to  take  an 
essential  part  in  the  formation  of  certain  vegetable  products,  PoUu* 
stum  and  Sodium^  Calcium  and  Magnesium^  Silicon  and  Ahuninum^ 
Iron  and  ManganeUj  ChlorinCy  Iodine^  and  Bromine.  None  of  these 
elements,  however,  are  of  universal  occurrence,  nor  are  they  actual 
components  (^  any  vegetable  tissue. 

11.  Their  Organie  Conititation.  Although  plants  and  animals  have 
no  peculiar  elements,  though  the  materials  irom  which  their  bodies 
spring,  and  to  which  they  return,  are  common  earth  and  air,  yet  in 
them  these  elements  are  wrought  into  something  widely  different 
from  any  form  of  lifeless  mineral  matter.  Under  the  influence  of 
the  principle  of  life,  in  connection  with  which  alone  such  phenomena 
are  manifested,  the  three  or  four  simple  constituents  effect  peculiar 
combinations,  giving  rise  to  a  few  orgcmizable  elements,  as  they 
may  be  termed ;  because  of  them  the  organized  fabric  of  the  vege- 
table or  animal  is  directly  built  up.  This  fabric  is  in  a  good  degree 
similar  in  all  living  bodies ;  the  solid  parts,  or  tissues,  in  all  assuming 
the  form  of  membranes,  arranged  so  as  to  surround  cavities,  or  form 
the  waUs  of  tubes,  in  which  the  fluids  are  contained.  It  is  called 
organized  structure,  and  the  bodies  so  composed  are  called  organized 
bodies,'  because  such  fabric  consists  of  parts  co-operating  with  each 
other  as  instruments  or  organs  adapted  to  certain  ends,  and  through 
which  alone  the  living  principle,  under  whose  influence  the  structure 
itself  was  built  up,  is  manifested  in  the  operations  which  the  plant 
and  animal  carry  on.  There  is  in  every  organic  fabric  a  necessary 
connection  between  its  conformation  and  the  actions  it  is  destined  to 
perform.  This  is  equally  true  of  the  minute  structure,  or  tissues,  as 
revealed  by  the  microscope,  and  of  the  larger  organs  which  the  tissues 
form  in  all  plants  and  animals  of  the  higher  grades,  such  as  a  leaf, 
a  petal,  or  a  tendril,  a  hand,  an  eye,  or  a  muscle.  The  term  organ^ 
ization  formerly  referred  to  the  possession  of  organs  in'  this  larger 
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9 

sense,  that  is,  of  conspicuous  parts,  or  members.  It  is  now  applied 
as  well  to  the  intimate  structure  of  these  parts,  themselves  made  up 
of  smaller  oi^ans  through  which  the  vital  forces  directly  act. 

12.  Dittlictioiu  between  linenlt  and  Organlied  Beings.    In  no 

sense  can  mineral  bodies  be  said  to  have  organs,  or  parts  subor- 
£nate  te  a  whole,  and  together  making  up  an  individual,  or  an 
organized  structure  in  anj  respect  like  that  which  has  just  been 
spoken  of,  and  is  soon  (as  regards  plants)  to  be  particularly  de- 
scribed. Without  attempting  to  contrast  mineral  or  un<H'ganized 
with  organized  bodies  in  all  respects,  we  may  briefly  state  that  the 
latter  are  dbUnguished  from  the  former,  —  1.  By  parentage:  plants 
and  animals  are  always  produce4  under  the  mfluenoe  of  a  living! 
body  similar  to  themselves,  or  to  what  they  will  become,  in  whose  > 
life  the  ofl&pring  for  a  time  participates;  while  in  minerals  there  is' 
no  relation  like  that  of  parent  and  offspring  but  they  are  formed 
directly,  either  by  the  aggregation  of  similar  particles,  or  by  the 
union  of  unlike  elements  combined  by  chemical  affinity,  independent 
ni  the  influence,  and  utterly  irrespective  of  the  previous  exbtence, 
of  a  similar  thing.  2.  By  their  development:  plants  and  animals 
develop  from  a  germ  or  rudiment,  and  run  through  a  course  of 
changes  to  a  state  of  maturity ;  the  mineral  exhibits  no  phases  in 
its  existence  aiiswering  to  the  states  of  germ,  adolescence,  and 
maturity,  —  has  no  course  to  run.  3.  By  their  mode  of  growth: 
the  former  increasing  by  processes  through  which  foreign  materials 
are  taken  in,  made  to  permeate  their  interior,  and  deposited  inters 
ttUiaUy  among  the  particles  of  the  previously  existing  substance; 
that  is,  they  are  nourished  by  food; — while  the  latter  are  not 
nourished,  nor  can  they  properly  be  said  to  grow  at  all ;  if  they 
increase  in  any  way,  it  is  merely  by  ju3ctapo$Uiony  and  because 
fresh  matter  happens  to  be  deposited  on  their  external  surface. 
4.  By  the  power  of  assimilation^  or  the  faculty  that  plants  and 
animals  alone  possess  of  converting  the  proper  foreign  materials 
they  receive  into  their  own  peculiar  substance.  5.  Connected 
with  assimilation,  as  a  part  of  the  function  of  nutrition,  which  can 
in  no  sense  be  predicated  of  minerals,  is  the  state  of  internal  ac- 
Hviiy  and  unceasing  change  in  living  bodies ;  these  constantly  under- 
going decomposition  and  reeomposition,  particles  which  have  served 
their  turn  being  continually  thrown  out  of  the  system  as  new  ones 
are  brought  in.  This  is  true  both  of  plants  and  animals,  but  more 
fully  of  the  latter.    The  mineral,  on  the  contrary,  is  in  a  state  of 
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pennanent  internal  repose:  whatever  clianges  it  undergoes  are 
owing  to  the  action  of  some  extraneous  force,  not  to  anj  inherent 
power.  This  holds  true  even  in  respect  to  the  chemical  combina^ 
tions  which  occur  in  the  mineral  and  in  the  organic  kingdoms.  In 
the  former  they  are  stable ;  in  the  latter  thej  are  less  so  in  pro- 
portion as  thej  are  the  more  under  the  influence  of  the  vital  prin* 
ciple:  as  if  in  the  state  of  unstable  equilibrium,  a  comparatively 
slight  force  induces  retrograde  changes,  through  which  they  tend 
to  reassume  the  permanent  mineral  state.  6.  Ccmsequently  the 
duration  of  living  beings  is  limited.  They  are  developed,  they 
reach  maturity,  they  support  themselves  for  a  time,  and  then  perish 
by  death,  sooner  or  later.  Mineral  bodies  have  no  life  to  lose,  and 
contain  no  internal  principle  cf  destruction.  Once  formed,  they 
exist  until  destroyed  by  some  external  power;  they  lie  passive 
under  the  control  of  physical  forees.  As  they  were  formed  irrespec- 
tive of  the  pre-existenoe  of  a  similar  body,  and  have  no  self-deter- 
mining power  while  they  exist,  so  they  have  no  power  to  determine 
the  production  of  like  bodies  in  turn.  The  organized  being  may 
perish,  indeed,  from  inherent  causes ;  but  not  until  it  has  given  rise 
to  new  individuals  like  itself,  to  take  its  place.  The  faculty  of  r^- 
production  is,  therefore,  an  essential  characteristic  of  organized 
beings. 

13.  IndlTldQals.  The  mass  of  a  mineral  body  has  no  necessary 
limits;  a  piece  of  marble,  or  even  a  crystal  of  calcareous  spar, 
may  be  mechanically  divided  into  an  indefinite  number  of  parts, 
each  one  of  which  exhibits  all  the  properties  of  the  mass.  But 
plants  and  animals  exist  as  individuals;  that  is,  as  heing$^  com- 
posed of  parts  which  together  constitute  an  independent  whole,  that 
can  be  divided  only  by  mutilation.  Each  owes  its  existence  to  a 
parent,  and  produces  similar  individuals  in  its  turn.  So  each  in- 
dividual is  a  link  of  a  chain ;  and  to  this  chain  the  naturalrhistorian 
applies  the  name  of 

14.  SpfCieif  The  idea  of  species  is  therefore  based  upon  this  suc- 
cession of  individuals,  each  deriving  its  exbtence,  with  all  its  peculi- 
arities, from  a  similar  antecedent  one,  and  transmitting  its  fonn 
and  other  peculiarities  essentially  unchanged  from  generation  to 
generation.  By  species  we  mean  abstractly  the  type  or  original 
of  each  sort  of  plant,  or  animal,  thus  represented  by  a  perennial 
succession  of  like  individuals :  or,  concretely,  the  species  is  the  sum 
of  such  individuals. 
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15.  Life.  All  these  peculiarities  of  organized,  as  contrasted  with 
inorganic  bodies,  will  be  seen  to  depend  upon  this :  that  the  former 
are  living  beings,  or  their  products.  The  great  characteristic  of 
plants  and  animals  is  Uft^  which  these  beings  enjoj,  but  minerals 
do  not  Of  the  essential  nature  of  the  vitalitj  which  so  controls 
the  matter  it  becomes  connected  with,  and  of  the  nature  of  the 
connection  between  ih6  living  principle  and  the  organized  structure, 
we  are  wholly  ignorant.  We  know  nothing  of  hfe  except  by  the 
phenomena  it  manifests  in  organized  structures.  We  have  adverted 
only  to  some  of  the  most  universal  of  these  phenomena,  those  which 
are  common  to  every  kind  of  organized  being.  But  these  are  so 
essentially  different  from  the  manifestations  of  any  known  physical 
force,  that  we  are  compelled  to  attribute  them  to  a  special  principle. 
We  may  safely  infer,  however,  that .  life  is  not  a  product,  or  result, 
of  the  organization ;  but  is  a  force  manifested  in  matter,  which  it 
controls  and  shapes  into  peculiar  forms, -^  into  an  apparatus,  in 
which  means  are  manifestly  adapted  to  end^  and  by  which  results 
are  attained  that  are  in  no  other  way  attainable.  As  we  rise  in  the 
scale  of  organized  structure  from,  plants  through  the  various  grades 
of  the  animal  creation,  the  superadded  vital  manifestations  become 
more  and  more  striking  and  peculiar.  But  the  fundamental  char- 
acteristics of  living  beings, — those  which  all  enjoy  in  common,  and 
which  necessarily  give  rise  to  all  the  peculiarities  above  enumer- 
ated (12), —  are  reducible  to  two,  viz.:  —  1.  the  power  of  self- 
support,  or  asiimilaiionj  that  of  nourishing  themselves  by  taking 
in  surrounding  mineral  matter  and  converting  it  into  their  own 
proper  substance ;  by  which  individuals  increase  in  bulk,  or  grow, 
and  maintain  their  life:  2.  the  power  of  nelf'diviiion  or  reproduc- 
tion, by  which  they  increase  in  numbers  and  perpetuate  the  species.* 

16.  Diffeiciee  betweea  Vegetables  and  AnimaU.  The  distinction  be- 
tween vegetables  and  minerals  is  therefore  well  defined.  But  the 
line  of  demarcation  between  plants  and  animals  is  by  no  means 
so  readily  drawn.  Ordinarily,  there  can  be  no  difficulty  in  dis- 
tinguishing a  vegetable  from   an  animal    All  the  questionable 

*  A  single  striking  illastratlon  may  set  both  points  in  a  strong  liglit.  The 
lanra  of  the  flesh-fly  possesses  such  power  of  assimilation,  that  it  will  increase 
its  own  weight  two  hundred  times  in  twenty-four  hours ;  and  such  consequent 
power  of  reproduction,  that  Linnaeus  perhaps  did  not  exaggerate,  when  he 
afllirmed  that  "  three  flesh-flies  would  devour  the  carcass  of  a  horse  as  quickly 
as  would  a  lion." 
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cases  occur  on  the  lower  oonflnes  of  the  two  kingdoms,  which 
exhibit  forms  of  the  greatest  possible  simplicity  of  structure,  and 
of  a  minuteness  of  size  that  baffles  observation.  Even  here  the 
uncertain^  maj  be  attributable  rather  to  the  imperfection  of 
our  knowledge,  than  to  anj  confusion  of  the  essential  character- 
istics of  the  two  kinds  of  beings.  If  we  cannot  absolutely  define 
them,  or,  at  least,  cannot  always  apply  the  ^finition  to  the  actual 
and  certain  discrimination  of  the  lowest  plants  from  the  lowest 
animals,  we  may  indicate  the  special  functions  and  characters  of 
each.  The  essential  characteristics  of  vegetables  doubtless  depend 
upon  the  positicm  which  the  vegetable  kingdom  occupies  between 
the  mineral  and  the  animal,  and  upon  the  general  office  it  fulfils*. 
Plants,  as  stated  at  the  outset  (1),  are  those  organized  beings  that 
live  directly  upon  the  mineral  kingdom,  —  upon  the  surrounding 
earth  and  air.  They  alone  convert  incH'ganic,  or  mineral,  into 
organic  matter;  while  animals  originate  none,  but  draw  their  whole 
sustenance  from  the  organized  matter  which  plants  have  thus  elab- 
orated. Plants,  having  thus  the  most  intimate  relations  with  the 
mineral  world,  are  generally  fixed  to  the  earth,  or  other  substance 
upon  which  they  grow,  and  the  mineral  matter  on  which  they  feed 
is  taken  directly  into  their  system  by  absorption  from  without,  and 
is  assimilated  under  the  influence  of  light  in  organs  exposed  to  the 
air ;  while  animals,  endowed  with  volition  and  capable  of  respond- 
ing promptly  to  external  impressions,  have  the  power  of  selecting 
the  food  ready  prepared  for  their  nourishment,  which  is  received 
into  an  internal  reservoir  cr  stomach.  The  permanent  fabric  of 
plants  is  composed  of  only  three  elements.  Carbon,  Hydrogen,  and 
Oxygen.  The  tissue  of  animals  contains  an  additional  element, 
viz.  Nitrogen.  Plants,  as  a  necessary  result  of  assimilating  their 
inorganic  food,  decompose  carbonic  acid  and  restore  its  oxygen  to 
the  atmosphere.  Animals  in  respiration  continually  recompose  car^ 
bonic  acid,  at  the  expense  of  the  oxygen  of  the  atmosphere  and  the 
carbon  of  plants.  These  peculiarities  will  be  explained  and  illus- 
trated in  the  progress  of  thb  work. 


Sect.  II.     Op  the  Cells  and  Celllxar  Tissue  op  Plants. 

17.  The  question  recurs,  Wliat  is  the  organized  fabric  or  tissue 
of  plants,  and  how  is  vegetable  growth  eflfected  ?     The  stem,  leaves, 
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and  fruit  appear  to  ordinary  inspection  to  be  formed  of  smaller  ports, 
which  are  theaiselves  capable  of  division  into  still  smaller  portions. 
Of  what  are  these  composed? 

18.  Cdlalar  Stractare«  To  obtain  an  answer  to  this  question,  we 
examine,  by  the  aid  of  a  microscope,  thin  slices  or  sections  of  any 
of  these  parts,  such,  for  example,  as  the  young  rootlet  of  a  seed- 
ling plant.  A  magnified  view  of  such  a  rootlet,  as  in  Fig,  1,  pre- 
sents on  the  cross-section  the  appearance  of  a  network,  the  meshes 
of  which  divide  the  whole  space  into  more  or  less  regular  cavi- 
ties. A  part  of  the  transverse  slice  more  highly  magniiied  (Fig.  2) 
shows  the  structure  with  greater  distinctness.  A  perpendicular 
slice  (Fig.  3)  exhibits  somewhat  similar  meshes,  showing  that  the 
cavities  do  not  run  lengthwise  thitmgh  the  whole  root  without  in- 
terruption. In  whatever  direction  the  sections  are  made,  the  cav- 
ities are  seen  to  be  equally  circumscribed,  although  the  outlines 
may  vary  in  shape.  Hence,  we  arrive  at  the  conclusion,  that  the 
£ibric,  or  tissue^  consists  of  a  multitude  of  separate  cavities,  with 


f  If 

closed  partitions;  forming  a  structure  not  unlike  a  honeycomb. 
This  is  also  shown  by  the  fact,  that  the  liquid  continued  in  a  juicy 
fruit,  such  as  a  grape  or  currant,  does  not  escape  when  it  is  cut  in 
twa  The  cavities  being  called  Cells,  the  tissue  thus  constructed 
is  termed  Cellular  Tissue.  When  the  body  is  sufficiently  trans- 
lucent to  be  examined  under  the  microscope  by  transmitted  light, 
this  structure  may  usually  be  discerned  without  making  a  section. 

TIG.  1.  Portion  of  a  young  root,  inafpalfl«d.  2.  A  tranartnw  slice  of  the  nme,  more  mef- 
nifted     8.  A  cmaller  Tertlcal  slice,  magnified. 

FIO.  4.  CellaUr  tlmue  from  the  apple,  ae  pcen  in  a  leetion.  6.  Some  of  the  detached  ceUs 
from  the  ripe  fruit,  magnified 

TIG.  6  Portion  of  a  hair  from  the  filament  of  the  Spider  U\y  (Tradeseantia),  magnified : 
c,  vestige  oC  the  nucleus. 
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We  may  often  look  directly  upon  a  delicate  rootlet  (as  in  Fig.  1% 
or  the  petal  of  a  flower,  or  a  piece  of  thin  and  transparent  sea-weed, 
and  observe  the  closed  cavities,  entirely  circumscribed  by  nearly 
transparent  membranous  walls. 

19.  Does  this  cellular  tissue  consist  of  an  originally  homogeneous 
mass,  filled  in  some  way  with  innumerable  cavities  ?  Or  is  it  com- 
posed of  an  aggregation  of  little  blad- 
ders, or  sacs,  which  by  their  accumu- 
lation and  mutual  cohesion  make  up 
the  root  or  other  organ?  Se^^eral  cir- 
cumstances prove  that  the  latter  is  the 
correct  view.  1.  The  partition  between 
two  adjacent  cells  is  often  seen  to  be 
double;  showing  that  each  cavity  is 
bounded    by   its    own    special    walls. 

7  2.  There  are  vacant  spaces  often  to- 

be  seen  between  contiguous  cells,  where  the  walls  do  not  entirely 
fit  together.  These  intercellular  spaces  are  sometimes  so  large 
and  numerous,  that  many  of  the  cells  touch  each  other  at  a  few 
points  only;  as  in  the  green  pulp  of  leaves  (Fig.  7).  3.  When 
a  portion  of  any  young  and  tender  vegetable '  tissue,  such  as  an 
Asparagus  shoot,  is  boiled,  the  elementary  cells  separate,  or  may 
readily  be  separated  by  the  aid  of  fine  needles,  and  examined  by 
the  microscope.  4.  In  pulpy  fruits,  as  in  the  apple,  the  walls  of 
the  cells,  which  at  first  cohere  together,  spontaneously  separate  as 
the  fruit  ripens  (Fig.  4,  5). 

20.  The  vegetable,  then,  is  constructed  of  these  cells  or  vesicles, 
much  as  a  wall  is  built  up  of  bricks.     When  the  cells  are  separate, 

or  do  not  impress  each  other,  they  are  generally 
rounded  or  spherical.  By  mutual  pressure  they  be- 
come many-sided.  In  a  mas^s  of  spheres  each  one  is 
touched  by  twelve  others ;  so,  if  equally  impressed  in 
every  direction,  the  yielding  cells,  flattening  each 
other  at  the  points  of  contact,  become  twelve-sided ;  and  in  a 
section,  whether  transverse  (as  in  Fig.  2)  or  longitudinal  (as  in 

FIQ.  7.  A  magnified  wctkm  through  the  thickneis  of  a  leaf  of  niiciam  Floridanam,  show- 
ing the  irregular  apacea  or  paaaagw  hetween  the  cella,  which  are  amall  in  the  upper  layer  of 
the  green  pulp,  the  cells  of  which  (placed  rertlcally)  are  well  compacted,  so  aa  to  le«Te  only 
minute  yacuities  at  their  rounded  ends ;  but  the  spaces  are  large  and  copious  m  the  test  of 
the  leaf,  where  the  cells  are  rery  loosely  arranged,  a,  The  epidermis  or  skin  of  the  uppei^ 
*,  of  the  lower  surface  of  the  leaf,  compoaed  of  perfectly  combined  and  thiek-wnlled  cells. 

FIQ.  8.    View  of  a  twelve-ciOed  cell,  detached  entire,  from  tissue  like  that  of  Fig  9. 
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Fig.  3),  the  meshes  consequently  appear  six-sided.    If  the  organ 
is  growing  in  one  direction  more  than  another,  the  cells  commonly 
lengthen    more    or  less   in   that 
direction.     It  is  not  necessary  to 
detadi  a  cell  in  order  to  ascertain 
its  shape ;   that  may  usually  be  ' 
inferred  from  the  outlines  of  the 
section  in  two  or  three  directions. 

21.  The  shape  of  cells,  there- 
fore, when  they  compose  a  tissue, 
depends  rery  much  upon  the  way 
in  which  they  are  arranged  and  ^ 
press  upon  each  other.  When 
separate,  as  they  are  in  the  sim- 
plest vegetables,  or  when  nearly  , 

free  from  each  other,  like  the  hairs  on  the  surface  of  many  plants, 
they  determine  their  ovn^  form  by  their  mode  of  grovrth,  and  assume 
a  great  variety  of  shapes,  some  of  which  are  shown  in  the  follow- 
ing illustrations.  The  natural  and  primitive  form  may  be  said  to 
be  roundish  or  sphericaL  By  increased  growth  in  one  direction 
they  become  oblong  or  cylindrical,  or,  when  still  more  extended, 
they  become  tubes.  Of  this  kmd  are  the  hair-like  prolongations 
on  the  surface  of  young  rootlets  (shown  just  beginning  in  Fig.  1, 
and  more  elongated  in  Fig.  185-137);  and  the  fibres  of  cotton 
are  slender  hairs,  consisting  of  single,  very  long  cells,  growing  on 
the  surface  of  the  seed. 

22.  The  walls  of  young  cells  are  transparent  and  colorless.  The 
various  colors  which  the  parts  of  the  plant  present,  the  green  of 
the  foliage,  and  the  vivid  hues  of  the  corolla,  do  not  belong  to  the 
tissues  themselves,  but  to  the  matters  of  diflferent  colors  wliich  the 
cells  contain  (92).  As  they  become  older,  the  walls  oflen  lose  most 
of  their  transparency,  and  even  acquire  peculiar  colors,  as  in  the 
heart-wood  of  various  trees. 

23.  The  cells  vary  greatly  in  size,  not  only  in  different  plants, 
but  in  different  parts  of  the  same  plant.  The  largest  are  found  in 
aquatics,  and  in  such  plants  as  the  Gourd,  where  some  of  them  are 
as  much  as  one  thirtieth  of  an  inch  in  diameter.  Their  orduiary 
diameter  in  vegetable  tissue  is  between  ^^jf  and  y^Vir  ^^  '^  inch, 

FIG.  9.    A  nnall  portion  of  Um  Umim  of  pith,  teen  both  in  tmwvene  and  loogitudinal 
twtkm,  much  magnlftML 
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The  smaller  of  these  sizes  would  allow  of  as  manj  as  1728  milUoos 
of  cells  in  the  compass  of  a  cubic  inch  I 

24.  Some  idea  may  be  fonned  respecting  the  rate  of  their  pro- 
duction, by  comparing  their  average  size  in  a  given  case  with  the 
known  amount  of  growth.  Upon  a  fhie  day  in  the  spring,  many 
stems  shoot  up  at  the  rate  of  three  or  four  inches  in  twenty-four 
hours.  When  the  Agave  or  Century-plant  blooms  in  our  conser- 
vatories, its  flower-stalk  oflen  grows  at  the  rate  of  a  foot  a  day ;  it 
is  even  said  to  grow  with  twice  that  rapidity  in  the  sultry  climate  to 
which  it  is  indigenous.  In  such  cases,  new  cells  must  be  formed  at 
the  rate  of  several  millions  a  day.  The  rapid  growth  of  Mushrooms 
has  become  proverbiaL  A  gigantic  species  of  Puff-ball  has  been 
known  to  attain  the  size  of  a  large  gourd  during  a  single  night : 
in  this  case  the  cells  of  which  it  is  composed  are  computed  to  have 
been  developed  at  the  rate  of  three  or  four  hundred  millions  per 
hour.  But  this  rapid  increase  in  size  is  owing,  in  great  part,  to  the 
expansion  of  cells  already  formed. 

25.  The  Cell  as  a  living  OrgaDism.  Thus  far  we  have  considered 
only  the  membrane  or  permanent  wall  of  the  cell,  —  that  which 
makes  up  the  tissue  or  fabric  of  plants,  and  which  remains  un- 
altered, and  performs  some  of  its  offices  even  long  afler  life  has 
departed.  But  we  should  now  regard  the  cell  as  a  living  thing, 
and  consider  what  the  wall  encloses,  and  what  operations  are 
effected  in  it  For  the  whole  life  of  the  plant  is  that  of  the  cells 
which  compose  it ;  in  them  and  by  them  its  products  are  elaborated, 
and  all  its  vital  processes  carried  on. 

26.  A  young,  living,  vitally  active  cell  consists,  —  1st,  of  the 
membrane  or  permanent  wall,  already  described ;  2d,  of  a  delicate 
mucilaginous  film,  lining  the  wall,  called  by  Mohl  the  primordial 
utricle ;  3d,  most  commonly  the  centre  of  the  cell,  and  sometimes  ' 
the  greater  part  of  the  cavity,  is  occupied  by  the  nudeusj  a  soil 
solid  or  gelatinous  body;  and  4th,  the  space  between  the  nucleus 
and  the  lining  membrane  is  filled  at  first  by  a  viscid  liquid,  called 
protoplasm,  having  an  abundance  of  small  granules  floating  in  it. 
As  the  cell  enlarges  by  the  growth  and  expansion  of  its  walls,  the 
space  between  the  latter  and  the  nucleus  becomes  filled  with  watery 
sap,  leaving  the  protoplasm  merely  as  a  yisdd  coating  of  the  inside 
of  the  primordial  utricle,  and  of  the  nucleus,  if  this  remains. 

27.  The  cell-membrane,  or  proper  wall  of  the  cell,  is  chemically 
composed  of  the  three  elements,  carbon,  hydrogen,  and  oxygen. 
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and  has  die  same  composition  (when  pure)  in  all  plants.  This  suh- 
Btance  —  the  general  material  of  vegetable  fabric  —  is  called  CW/u- 
loMe.  Its  chemical  compo«tioa  is  Carbon  12,  Hydrogen  10,  and 
Oxygen  10.  It  is  insoluble  in  water,  alcohol,  ether,  and  dilute  acids, 
and,  like  starch,  it  turns  blue  when  acted  upon  by  iodine,  aided  by 
sn]t>huric  acid.  The  primordial  utricle,  or  delicate  lining  of  the 
cell,  appears  to  have  the  same  composition  as  protoplasm.  It  may 
be  regarded  as  an  exterior  portion  of  the  mucilaginous  protoplasm, 
which  has  acquired  the  consistence  of  a  very  soft  membrane.  In 
addition  to  the  three  elements,  carbon,  hydrogen,  and  oxygen,  pro- 
toplasm contains  nitrogen,  in  considerable  quantity.  It  is  colored 
yellow  by  iodine,  and  is  coagulated  by  alcohol  and  acids.  The 
substance  of  which  it  principally  consists  is  named  by  chemists 
Proteine,  and  is  known  among  vegetable  products  under  various 
ftkrms,  vi2.  as  diastase,  gluten,  fibrine,  vegetable  albumen,  and  the 
like.  Such  being  the  nature  and  the  parts  of  the  cell,  we  may  now 
consider 

28.  Its  Fonnation  and  Growth.  Under  this  head  we  may  briefly 
explain,  as  far  as  we  are  able, — 1st,  how  cells  are  originated ;  and 
2d,  how  they  are  multiplied. 

29.  OrifiOfd  Cell*FonnatioO.  Cells  are  originated  only  within  other 
cells,  or  at  least  in  matter  which  has  been  contained  in  and  elab- 
orated by  them.  They  appear  to  be  formed  in  the  following  man- 
ner. A  portion  of  the  elaborated  or  organizable  matter,  which 
abounds  in  the  fluid  contents  of  living  cells,  condenses  into  a  soft 
solid,  or  half-solid  and  more  or  less  transparent  mass,  usually  of  a 
gk^ular  or  oval  shape,  the  nucleta :  around  this  nucleus  a  portion  of 
protoplasm  accumulates ;  a  denser  film  of  the  same  substance  forms 
on  the  surface  of  the  protoplasm,  giving  the  mass  a  definite  outline ; 
this  is  the  primordial  utricle :  upon  this  a  layer  of  cellulose  is  soon 
deposited,  making  the  ceU-^membrane,  The  nuclei  in  such  cases  are 
very  minute,  and  either  few  or  many  of  them  may  be  formed  in 
one  parent  cell,  and  be  developed  in  this  way  into  new  cells,  which 
are,  at  least  at  first,  of  small  size  as  ccnnpared  with  the  parent  cell 
(Fig.  88).  A  variation  of  this  mode  occurs  in  many  of  the  lower 
Algae,  where  a  considerable  portion  of  the  contents  of  a  cell  con- 
denses into  a  rounded  mass,  the  surface  becomes  coated  with  a 
layer  of  protoplasm  or  primordial  utricle,  and  this  with  a  membrane 
of  cellulose,  completing  the  celL  Thus,  in  Vaucheria  the  whole 
green  contents   at  the   end  of  certain  branches  condense  into  a 
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globular  mass  (Fig.  89),  which  at  length  is  coated  with  cell-mem- 
brane, and  80  becomes  a  cell  of  considerable  size.  In  Zygnema 
(Fig.  635)  the  whole  contents  of  two  cells  are  united,  and  give 
rise  in  a  similar  way  to  one  new  celL 

30.  In  the  higher  or  flower-bearing  division  of  plants,  this  process 
of  original  or  frtt  cell-formation  occurs  only  in  the  sac  in  which  the 
embryo  is  formed.  The  first  cell  of  the  embryo  originates  in  this 
way ;  but  all  the  subsequent  growth  is  effected  by  a  different  pro- 
cess. In  the  simplest  grade  of  plants  it  occurs  more  frequently, 
but  only  in  the  formation  of  those  bodies  which  in  them  take  the 
place  and  fulfil  the  ofiice  of  seeds ;  that  is,  which  serve  for  repro- 
duction. 

31.  It  appears,  therefore,  that  the  azotized  or  nitrogenous  mate- 
rial, the  proteine,  plays  the  most  important  part  in  the  formation 
of  cells.  The  layer  of  protoplasm,  with  its  delicate  coating,  the 
primordial  utricle,  precedes  the  proper  cell-membrane,  and  in 
some  unexplained  way  causes  the  latter  to  be  deposited  on  its  sur- 
fiice.  And  these  soft  nitrogenous  parts  are  the  seat  of  the  whole 
vital  activity  of  the  celL  The  wall  of  cellulose  may  be  regarded 
as  a  kind  of  protecting  coat  or  shell,  which  constitutes  the  per* 
manent  fabric  of  the  plant,  but  is  alive  only  so  bug  as  the  living 
protoplasmic  lining  remains. 

32.  In  a  growing  young  cell,  the  walls  enlai^  much  &ster  than 
the  nucleus,  and  the  latter  soon  ceases  to  grow  at  alL  It  is  there- 
fore left  in  the  centre,  or  else  remains  adherent  to  the  wall  on  one 
side,  where  traces  of  it  may  often  for  a  long  time  be  detected ;  or 
more  commonly  it  dissolves  and  disappears  altogether.  At  length, 
in  older  cells,  the  liquid  contents  and  the  protoplasmic  lining  also 
disappear,  and  only  the  waUs  of  cellulose  remain  as  the  permanent 
vegetable  fabric.  The  fabric  of  plants,  however,  as  has  already 
been  stated,  is  not  built  up  by  original  cell-formation,  but  by 

33.  Cell-Dnltiplieationt  A  living  cell,  formed  in  whatever  manner, 
has  the  power  of  multipljring  itself  by  dividing  into  two,  these  again 
into  two  more,  and  so  on.  By  this  process  the  single  cell,  which 
each  vegetable  begins  with,  gives  rise  to  the  embryo  or  rudimen- 
tary plantlet  contained  in  a  seed ;  and  by  it  the  embryo  in  germina- 
tion develops  into  a  seedling,  and  the  seedling  into  the  herb,  shrub, 
or  tree.  Vegetable  growth  accordingly  consists,  —  1st,  of  the  growth 
or  expansion  of  each  cell  up  to  its  full  size,  which  ordinarily  is  very 
soon  attained ;  and  2d,  of  what  is  called  their  merismatic  muUipUccL- 
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tidHy  namely,  the  successive  dlTision  of  cells  into  twa    This  takes 
place  only  when  they  are  young  and  active,  and  mostly  before  they 
are  full-grown.     It  is  effected  by  the  formation  of  a 
partition  across  the  cavity  of  the  cell,  dividing  it  into         M^  J 
two  (Fig.  10-14).    In  thb  way,  a  single  cell  gives  lo 

rise  to  a  row  of  connected  cells,  when  the  division 
takes  place  in  one  direction  only;  or  to  a  plane  or         rS| 
solid  mass  of  such  cells,  when  it  takes  place  in  two         \2/ 
or  more  directions,  thus  producing  a  tissue.  " 

34.  In  this  multiplication  of  cells  by  division,  as  in 
the  original  formation  of  a  cell,  the  contents  and  the 
protoplasmic  lining  play  the  most  im- 
portant part.  The  nucleus,  when  pres- 
ent, as  it  commonly  is,  first  divides 
into  two  (Fig.  11)  ;  then  the  lining  mem- 
brane, or  primordial  utricle,  is  gradu- 
ally constricted  or  infolded  at  the  line 
of  division,  which,  soon  meeting  in  the 
centre,  separates  the  whole  contents 
into  two  parts  by  a  delicate  partition; 
upon  this  a  layer  of  cellulose  is  de- 
posited as  a  permanent  wall,  which 
completes  the  transformation  of  one 
cell  into  two  (Fig.  21,  22). 

35.  Cells  multiplying  in  this  way,  and  remaining 
imited,  build  up  a  row  or  a  surface  of  cells,  or  a  solid  tissue,  ac- 
cording to  the  mode  of  division.  But  in  many  of  the  simplest 
plants,  growing  in  water,  the  cells  separate  as  they  form,  and  be^ 
come  independent.  A  microscopic  plant  very  common  in  shallow 
pools  in  early  spring,  forming  slimy  green  masses,  well  illustrates 
this,  as  shown  in  Figures  15-19.  At  each  step  of  this  multipli- 
cation new  cell-membranes  are  formed,  and  the  old  one,  for  instance, 
the  wall  of  Fig.  15  and  the  common  envelope  of  the  two  in  Fig.  17, 

FIO.  10.  Ayoang  e«U,~fb6  first  e«ll  of  an  embiyo,— wlUi  its  uneleos  in  tbe  eentrv. 
11  Th«  sftme,  with  its  nodeos  diTided  into  two,  and  a  etoss-partitlon  bcfinning  to  form. 
13.  Tbe  partltloii  oompletedf  so  conTerting  the  first  cell  into  two.  13.  The  lower  one  again 
dirMed  Into  two,  making  thres  cells  in  a  row.  14.  Tbe  fourth  cell  eonrerted  Into  four  bj  a 
diristoa  In  two  direetlons,  forming  seven  cells  In  all. 

flO.  15.  A  single  cell,  or  plant  of  a  kind  of  Palmella,  magnified.  16.  The  same  dirldlng, 
and,  17,  completely  separated  into  two.  18.  Each  of  these  diriding  In  the  opposite  dirso* 
'Hon,  font  cells  are  prodooed.  19.  Each  of  these  again  dtriding  into  four,  th^  prodnce  a 
dasler  of  sixteen  cells. 
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and  of  the  four  in  Fig.  18,  forms  a  part  of  the  thickness  of  the 
coat  of  each,  or  is  destroyed  by  the  distention,  or  else  (as  in  the 
present  instance)  is  dissolved  into  a  jelly  A  slight  modification  of 
this  process  occurs  in 

36.  Free  CeU-HoltipIieation  within 

a  MoUier-Cell,  which  is  intermediate 
in  character  between  original  cell- 
formation  and  ordinary  cell*multi- 
plication.  Here  the  whole  contents 
of  a  living  cell,  by  constriction  or 
infolding  of  the  primordial  utricle, 
divide  into  two  or  four  parts  (as 
in  Fig.  81-83),  and  these  may  be 
again  divided;  —  each  portion  has 
a  coat  of  cellulose  deposited  over 
its  surface,  and  thus  so  many  sep- 
arate cells  are  produced,  lying  loose 
in  the  cavity  of  the  mother-cell,  whose  thin  and 
now  dead  cellulose-wall,  which  is  all  that  is  lefl  of 
it,  usually  disappears  sooner  or  later,  or  is  broken 
up  by  the  growth  of  the  new  crop  of  cells  within* 
In  this  way  are  formed  the  grains  of  pollen  in  the 
anther,  and  the  spores,  or  bodies  which  answer  to 
seeds,  in  the  higher  grades  of  Flowerless  Plants. 

37.  Cell-Growth.  By  appropriating  assimilated 
matter,  the  young  cell  increases  in  size  until  it 
attains  its  full  growth ;  its  walls,  as  they  expand 

and  enclose  a  greater  space,  not  diminishing,  but  rather  increasing 
in  thickness.  Therefore  it  not  merely  enlarges,  but  grows.  If  it 
grows  equally  in  all  directions,  and  is  not  pressed  upon  on  any  side, 
it  keeps  a  spherical  form;  if  it  grows  more  in  one  direction  than  in 
any  other  it  becomes  oblong  or  cylindrical  In  this  way  a  cell  is 
sometimes  drawn  out  into  a  slender  tube ;  of  which  the  fibres  of 
cotton,  and  the  ceUs  of  fibrous  bark  (Fig.  49)  are  good  examples. 
In  the  simplest  plants,  cells  sometimes  continue  to  elongate  almost 

FIQ  20.  The  brtochlng  rammit  of  a  plantlet  of  Conferra  glonrartta,  magnified ;  after 
Mohl.  The  plant  conBists  of  a  row  of  eellSf  filled  with  green  gntlna  floating  la  liquid  :  tho 
long  cell  at  the  upper  «nd  If  ceen  in  the  proceu  of  dlTldlng  into  two,  at  a,  by  constriction  of 
the  prlmonUal  utricle. 

FIG.  21.  A  portion  of  the  fame  at  c,  more  magnified,  fhowing  the  formation  of  the  par- 
tiUon.    22.  Same,  with  the  parUUon  completed. 
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indefinitely  from  one  end,  hj  a  sort  of  gemmation  or  budding  growth^ 
while  all  the  rest  remains  stationary,  or  while  the  opposite  extremity 
is  dead  or  decaying.  Fig.  20  would  represent  a  case  of  the  kind, 
except  that  partitions  form,  as  the  upper  end  grows  on,  dividing  the 
tuhe  into  a  row  of  cylindrical  cells.  Sometimes  a  new  point  of 
growth  commences  on  the  side  of  a  cell,  so  giving  rise  to 

38.  BronehlDS  Cells.  The  hair- 
like  bodies  that  copiously  appear 
on  the  surface  of  young  rootlets 
furnish  examples  of  the  kind,  as 
is  shown  in  Fig.  1,  23,  24.  More 
conspicuous  examples  are  furnish- 
ed by  certain  Algas  of  the  simplest 
structure,  where  the  cell  branches 
profusely  as  it  elongates,  but  the 
tubes  are  all  perfectly  continu- 
ous throughout ;  as  in  Botrydium 
(Fig.  88),  where  an  originally 
spherical  cell  is  extended  and 
ramified  below  in  the  fashion  of 
a  root;  in  Vaucheria  (Fig.  89), 

where  a  slender  tube  forks  or  branches  sparingly ;  and  in  Bryopsis 
(Fig.  91),  where  numerous  branches  are  symmetrically  arranged  in 
two  opposite  rows,  like  the  plume  of  a  feather.     In  these  cases,  the 

fully  developed  plant,  with  all  its 
branches,  is  only  one  proliferous 
cell,  extended  from  various  points 
by  this  faculty  of  continuous  bud- 
ding growth.     The  mycelium  or 
spawn  of  Mushrooms,  and  the  in- 
tricate  threads  of  Moulds  (Fig. 
92-94)  are  formed  of  very  attenuated  branching  cells.    And  in 
Lichens  and  many  Fungi,  cells  of  this  kmd  are  densely  interwoven 
into  a  filamentous  tissue  (Fig.  25). 

39.  Cjrclosis  or  Circulation  in  Cdll.  In  all  young  cells,  probably, 
at  least  at  some  period,  the  fluid  protoplasm  interposed  between  the 
cell-walls  and  the  watery  sap  is  in  a  state  of  movement.    Under 

no.  23     Magmtfied  cellolar  tlMoe  from  the  rootlet  of  a  seedling  Maple ;  some  of  the  ex- 
ternal cells  growing  out  into  root-hairs.    24   A  few  of  the  cells  more  highly  magnified. 

no  25     Entangled,  fliamentoas,  branching  cells  ftrom  the  fibrous  tissue  of  the  ] 
Ikhen  (Cladonla  rangiferiDa),  magnified. 
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the  microscope,  currents^  rendered  more  visible  bj  the  contained 
granules  or  solid  atoms,  are  seen  flowing  around  the  cell,  ^r  around 
some  portion  of  its  periphery,  in  a  circuit  which  returns  upcn  itsel£ 
The  cause  of  this  curious  phenomenon  and  the  object  it  subserres 
are  unknown;  but  it  is  doubtless  a  vital  circulation,  and  not  a 
mechanical  movement     In  most  plants  it  is  not  to  be  seen  in 
mature  cells.     But  it  may  be  observed  in  many 
water-plants  when  full-grown,  and  in  the  hairs  on 
the  surface  of  a  great  variety  of  land-plants.     The 
string  of  bead-like  cells  which  compose  the  jointed 
hairs  of  the  common  Spider  Lily  (Tradescantia, 
Fig.  6)  show  this  circulation  well,  under  a  magni- 
fying power  of  about  four  hundred  diameters. 
With  this  power,  a  set  of  thread-like  currents 
may  be  seen  to  move  between  the  cell-wall  and 
the  enclosed  colored  contents,  traversing  the  cell 
in  various  directions,  without  much  regularity,  ex- 
cept that  the  streamlets  appear  to  radiate  from, 
and  return  to,  the  nucleus.     The  large  stinging 
hwrs  of  Nettles,  and  the  bristles  on  the  ovary  of 
Circaea,  show  this  circulation  very  welL     In  the 
latter,  instead  of  the  separate  and  slender  stream- 
lets of  Tradescantia,  we  perceive  a  broad  and  con- 
tinuous stream  flowing  up  on  one  side  of  the  long 
cell,  around  the  summit,  and  down  the  opposite 
side.    This  circulation  may  be  more  readily  ob- 
served in  the  cells  of  many  aquatic  plants.     In 
"  Qiara  and  Nitella,  —  plants  composed  of  large 

cells  lined  with  green  granules,  —  a  magnifying  power  of  fifty  or 
one  hundred  diameters  shows  the  circulation  very  well  And  the 
leaves  of  Vallisneria  spiralis  (the  Tape-grass  or  Eel-grass  of  fresh 
water)  are  still  more  beautiful  objects,  when  magnified  from  two  to 
four  hundred  diameters.  Through  their  nearly  transparent  walls,  a 
current  of  protoplasm,  usually  carrying  with  it  some  globular  loose 
grains  of  chlorophyll,  may  be  seen  coursing  up  the  entire  breadth 
of  the  wall  of  each  cell,  across  its  summit,  down  the  opposite  side> 
and  across  the  other  end  to  complete  the  circuit;  and  often  the 
current  is  strong  enough  to  set  the  large  nucleus,  or  a  central  mass 

710.  2S.    A  &w  cells  of  the  leftf  of  Naiat  f  eziUa,  highly  magnified,  ihowtng  the  eircvUtion ; 
the  diiection  of  the  cunents  indicated  by  anow-headi.    (Drawn  by  U.  J.  Clark  ) 
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of  green  grains,  into  revolution.  The  circulation  is  more  active  in 
the  subjacent  than  in  the  superficial  layer  of  cells,  although  occasion* 
ally  conspicuous  in  the  latter :  it  is  stopped  or  retarded  by  lower- 
ing, and  accelerated  by  raising  the  temperature.  The  motion  often 
appears  to  be  quite  rapid ;  but  it  should  be  remembered  that  this  is 
magnified  as  well  as  the  object.  Mohl  states  it  to  be  very  slow,  not 
more  than  the  -^^^  of  a  lire  per  second  in  the  hairs  of  Tradescan- 
tia.  But  in  Vallisneria  the  green  'grains  sometimes  complete  the 
circuit  of  a  cell  of  the  ordinary  size  in  less  than  twenty  seconds  ; 
and  in  the  bristles  on  the  fruit  of  Circaea,  which  are  half  a  line 
long,  Mr.  H.  J.  Clark  has  seen  the  revolution  completed  in  about  a 
minute.  The  circulation  in  one  cell  is  totally  independent  of  that 
in  the  adjacent  ones.  The  current  is  commonly  seen  to  flow  in 
opposite  directions  on  the  two  sides  of  a  partition,  or  to  move  on 
one  side  when  quiescent  on  the  other.  Cyclosis,  whatever  its 
nature  may  be,  evidently  has  nothing  to  do  with  the 

40.  Transferenee  of  Fluid  from  Cell  to  Cell.  All  cells,  at  least  when 
young  and  living,  have  perfectly  closed  walls.  There  is  no  passage 
finom  one  to  another  through  visible  openings  or  pores,  although 
such  openings  may  be  formed  in  older  parts.  Nevertheless  fluids 
do  permeate  cell-walls,  as  they  do  all  organic  membranes.  And  in 
this  way  water,  along  with  other  matters  which  the  roots  absorb,  is 
carried  up  into  the  leaves  even  of  the  topmost  bough  of  a  tree, 
passing  in  its  course  through  many  millions  of  apparently  water- 
tight partitions.  However  governed  by  forces  inherent  in  the  plant, 
tbe  actual  transference  of  fluids  from  one  cell  to  another  takes  place 
in  obedience  to  a  physical  law,  i.  e.  by  the  process  which  has  been 
named  Endoitnose  or  JSiidosmosis,*  and  which  operates  in  dead  parts 

*  Endosmose  and  eroamote  are  names  given  by  Dutrocbet  (a  French  physi- 
ologist) to  a  physical  process  of  permeation  and  interchange  which  takes 
place  in  fluids,  according  to  the  fallowing  law,  briefly  stated.  When  two 
liqaids  of  nneqnal  density  are  separated  by  a  permeable  membrane,  the 
lighter  liquid  or  the  weaker  solution  will  flow  into  the  denser  or  stronger, 
with  a  force  proportioned  to  the  difference  in  density  (endonhoBti) ;  but  at  the 
same  time,  a  smaller  portion  of  the  denser  liquid  will  flow  out  into  the  weaker 
(eioemosii).  Thus,  if  the  lower  end  of  an  open  tube,  closed  with  a  thin  mer*. 
brane,  such  as  a  piece  of  moistened  bladder,  be  introduced  into  a  vessel  of  pure, 
water,  and  a  solution  of  su^r  in  water  be  poured  into  the  tube,  the  water  from 
ihe  vessel  will  shortly  be  found  to  pass  into  the  tube,  so  that  the  column  of 
liquid  it  contains  will  increase  in  height  to  an  extent  proportionate  to  the 
strength  of  the  solution.    At  the  same  time,  the  water  in  the  vessel  will  become 
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as  well  as  in  living  ones.  The  law  is,  that  when  two  fluids  of  un- 
equal density  are  separated  by  an  organic  membrane,  or  by  any  thin 
and  porous  partition,  an  interchange  takes  place, — more  or  less 
rapidly  according  to  the  thinness  of  the  intervening  partition  and 
the  difTerence  in  the  density  of  the  fluids  on  the  two  sides, — a  small 
quantity  of  the  denser  fluid  passing  into  the  lighter,  but  a  much  larger 
portion  of  the  lighter  passing  into  the  denser;  and  this  continues 
until  the  two  fluids  are  brought  to  the  same  density.  Hence,  as 
the  cells  of  a  living  plant  always  contain  organizable  or  assimilated 
matter  (mucilage,  protoplasm,  &c.),  which  especially  abounds  in 
young  and  growing  parts,  the  cells  of  the  rootlets  are  always  able 
to  imbibe  the  ordinary  moisture  which  is  presented  to  them  in  the 
Foil ;  and  by  diminishing  the  portion  of  water,  or  in  any  other  way 
increasing  the  density  of  the  liquid  contents  of  the  cells  of  any  part 
of  the  plant,  a  flow  may  be  attracted  into  them. 

41.  Increase  of  Cell-walls  in  Thickneu.    Up  to  a  certain  point,  the 

walls  of  cells  thicken  as  they  grow  by  the  incorporation  of  new 
matter  intersttticdl^  into  their  substance.  After  attaining,  for  the 
most  part  rapidly,  a  definite  size,  the  cell  ceases  to  enlarge,  and  its 
wall  no  longer  incorporates  new  materials.  Some  cells  remain  with 
exceedingly  thin  and  delicate  walls.  But  in  most  cells  that  make 
part  of  the  permanent  structure  of  a  plant,  the  cell-membrane  con- 
tinues to  thicken  long  after  it  has  ceased  to  enlarge.  Then  the 
new  matter  can  no  longer  be  incorporated  with  the  old;  but 
the  thickening  is  now  effected  by  its  deposition  on  the  inner  sur- 
face of  the  original  membrane,  between  it  and  the  protoplasmic 


I 


slightly  sweet ;  showing  that  a  small  qaantity  of  simp  has  passed  throngh  the 
pores  of  the  membrane  into  the  water  without,  while  a  mnch  larger  portion  of 
water  has  entered  the  tube.  The  water  will  continue  to  enter  the  tube,  and  a 
small  portion  of  sirup  to  leave  it,  until  the  solution  is  reduced  to  the  same 
strength  as  the  liquid  without  If  a  solution  of  gum,  salt,  or  any  other  sub- 
stance, be  employed  instead  of  sugar,  the  same  result  will  take  place.  If  the 
same  solution  be  employed  both  in  the  vessel  and  the  tube,  no  transference  or 
change  will  be  obserx'ed.  But  if  either  be  stronger  than  the  other,  a  circulation 
will  be  established,  and  the  stronger  solution  will  increase  in  quantity  until  the 
two  attain  the  same  density.  If  two  different  solutions  be  employed,  as,  for 
instance,  sugar  or  gum  within  the  tube,  and  potash  or  soda  without,  a  circula- 
tion will  in  like  manner  take  place,  the  preponderance  being  towards  the  denser 
fluid,  and  in  a  degree  pTO(>ortionate  to  the  diflference  in  density.  Instead  of  ani- 
mal  membrane,  any  vegetable  matter  with  fine  pores,  such  as  a  thin  piece  of  wood, 
or  even  a  porous  mineral  substance,  may  be  substituted,  with  the  same  resulL 
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limng.  Every  degree  of  this  secondary  deposition  occurs,  from  a 
slight  increase  in  the  thickness  of  the  membrane  to  the  filling 
up  of  the  greater  part  of  the  cavity  of  the  celL  Any  hard  wood 
furnishes  illustrations  of  this«  Indeed,  the  difference  between  sap' 
wood  and  heartrwood  in  trees  is  principally  owing  to  the  increase 
of  this  deposit,  which  converts  the  former  into  the  latter;  as  may 
be  seen  by  comparing,  under  the  microscope,  the  tissue  of  the  older 
with  that  of  the  newest  rings  of  wood, 
taken  firom  the  same  tree.  Figures 
196-199  show  this  in  a  piece  of  oak 
wood.  Fig.  29  represents  a  highly 
magnified  cro66-«ection  of  some  wood- 
cells  from  the  bark  of  a  Birch,  with  ^ 
their  calibre  almost  obliterated  in  this  way.  It  is  hj  the  same 
process  that  the  stone  of  the  peach,  cherry,  &c  acquires  its  extreme 
Itfudness.     Similar  indurated  cells  <^  the  same  kind  are  met  with 

even   in   the   pulp  of  some 

fruits,  as  in  the  gritty  grains, 

which  every  one  has  noticed 

in  the  flesh  of  certain  pears, 

especially  of  the  poorer  sorts. 

A  section  of  a  few  cells  of  the 

kind  is  represented  in   Fig. 

27,  with  their  cavity  much 

reduced   and  rendered  very 

,  irregular  by  this  internal  in^ 

»  80  crustation.     SimUar  cells  may 

be  found  in  some  parts  of  the  tissue  even  of  such  juicy  fruits  as  the 

cranberry  and  the  blueberry  (Fig.  28). 

42.  The  thickening  matter,  when  pure,  is  of  the  same  nature  as 
the  original  membrane  of  the  cell,  that  is,  it  consists  of  cellulose 
(27).  But  with  this  are  mingled  some  mineral  matters,  —  small 
quantities  of  which  must  needs  be  dissolved  in  the  water  which 
the  plant  imbibes  by  its  roots,  and  be  deposited  in  the  cells  of  the 

FIO.  27.  Mafnifled  netion  of  Che  gHtty  ««n«  of  th*  pew;  th*  cavity  almost  filled  wiUi  aa 
iDtcmal  depoiiti  2S.  Similar  oella  found  in  Ui«  pulp  of  tha  bluabeny  <  Vacdnium  oorjm- 
boanm). 

IIQ.  29.  Highly  magnifle<f  eroes-eectlon  of  a  bit  of  the  old  Itber  of  the  hark  of  the  Btroh ; 
the  tubee  nearly  filled  with  a  depoeit  of  aolid  matter  in  eooeentrle  layen.    (From  Link  ) 

FIO  80.  Highly  magnified  wood-cetU  (seen  in  transrerae  and  loogitudinal  aection),  fhni 
^IIm  root  of  the  Date  Palm ;  ahowing  the  thickening  depoiU  in  layers,  and  some  oonneetinf 
cvDBla  or  pita.    (From  Jaarien,.aflar  Mirbal.) 
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woodf  and  espedallj  in  those  of  the  leavets  where  mach  of  the  water 
escapes  bj  evaporation,  —  and  sometimes  certain  coloring  Biatteri 
also^  such  as  give  the  different  tints  to  heart-wood,  &c.  Even 
when  purified  as  much  as  possiUe  from  all  admixture  of  ibreign 
materials,  the  secondary  deposit  is  said  to  differ  a  little  from  cellu<^ 
lose,  or  OTiginal  cell-^nemlM-ane,  in  containing  a  somewhat  larger 
proportion  of  oirbon  and  hydrogen :  it  is  therefore  richer  in  craabus- 
tiUe  matter.  Forming  as  it  does  the  prinoipid  part  of  the  weight 
of  wood  (lignum),  it  has  received  the  name  of  Lignine  (also  that  of 
Schrogen) ;  but  it  is  only  cellulose  a  liuk  modified.  This  diffisi^ 
ence  in  chemical  composition,  however,  shows  why  the  hard  woods, 
such  as  hickory  and  oak,  which  abound  in  this  lignified  deposit, 
should  be  more  valuable  for  fuel,  weight  for  weight,  than  the  soft 
woods,  which  have  little  of  it;  at  least,  when  the  latter  are  not 
charged  with  resinous  matter.* 

43.  The  section  of  the  wall  of  a  cell  thickened  by  internal 
deposit,  when  moderately  magnified,  commonly  appears  to  be  homo- 
geneous and  tmifonn.  But  under  a  high  magnifying  power  it  may 
often  be  distinguished  more  or  less  distinctly  into  successive  con- 
centric layers  (Fig.  27  -  81).  However  Una  may  be,  it  rarely  hap- 
pens that  the  thickening  deposit  is  spread  evexAj  over  the  whole 
inner  sur&ce  of  a  cell.  It  is  commcmly  interrupted  or  much  thinner 
nt  some  places,  so  as  to  give  the  diminished  cavity  of  the  cell  very 
irregular  outlines  (as  in  Fig.  27,  28) ;  or  else  it  is  wanting  at  cer- 
tain small  and  definite  spots,  which,  being  more  transparent,  when 
looked  down  upon  from  the  outside  appear  like  holes  or  pores  (Fig. 
82,  56,  57)  or  slits  (Fig.  58,  59),  according  to  their  shape.  In  this 
way  are  formed  ih^  various 

44.  laridnp  of  the  Walls  of  Cells.  These,  whether  in  the  form  of 
bands,  spiral  lines,  dots,  or  apparent  pores,  all  arise  ftom  the  unequal 


*  From  the  manner  in  which  the  thickening  takes  place,  it  would  appear  that 
the  innermost  layers  most  always  be  the  most  recent.  Bat  M.  Tr^nl  has  con- 
vinced himself  that  the  primary  cell-membrane  sometimes  prodoces  a  secondary 
one  ontside  fsS  itself,  as  well  as  on  the  inside,  so  that  the  original  cell-wall  is 
intermediate.  And  also,  that,  when  the  thickening  deposit  is  wholly  wiUiin  the 
primaxy  wall,  the  intermediate  layers  are  occasionally  secreted  in  some  way  by 
the  outer  or  inner  ones,  and  therefore  more  recent  than  the  inner.  Unlikely 
as  all  this  seems,  M.  Trdcul's  investigations  are  entitled  to  great  attention. 
His  elaborate  memmr,  upon  Secondary  Formations  in  Cells,  ia  published  in  the 
Amiale$  de$  Scienca  NaturelUs,  4th  ser.  Vol  II.  ISM. 
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^i^butien  of  the  secondaiy  deposit  They  are  portions  of  the 
walls  which  are  either  thinner  or  thicker  than  the  rest  These 
mariiings  display  the  greatest  variety  of  forms,  many  of  them  of 
surpassing  elegance.  The  principal  kinds  occur  with  perfect  nni- 
formity  in  each  species  or  family,  and  in  definite  parts  of  the  plant ; 
so  that,  in  a  multitude  of  cases,  the  sort  of  plant  may  he  as  certainly 
identified  by  the  minute  sculpture  of  its  cells  alone,  as  by  more  con- 
spicuous external  characters.  They  are  preserved  even  when  the 
tissue  Ls  fossilized,  and  the  si  '^ 

external  form,  with  every 
outward  appearance  of  or- 
ganizatian,   is   obliterated. 
Through   tlun   slices   and 
other  contrivances,  the  hid- 
den structure  b  jTevealed 
under  the  micralcope,  and 
thus  the  true  nature  of  the 
earth's   earliest  vegetation 
may  be  often  satisfactorily  made  out 
In  this  way,  and  by  taking  advanti^  of 
the  &ct,  that  the  secondary  deposits  in 
the  cells  contain  a  good  deal  of  mineral 
matter,  which  b  left  behind  in  the  ashes, 
Professor  Bailey  was  able  first  to  dis- 
cover vegetable  structure  in  anthracite 
coaL*     The    simplest    and    commonest 
markings    are    those  which   i^pear   as 
pores  or  holes,  but  are  really 

45.  Dots  or  Pits,  such  as  those  on  the 
cells  of  the  pith  of  Elder  (Fig.  38),  and  *      n       * 

*  See  Silliman'g  American  Joamal  of  Science  and  Arts,  New  Series,  Vol  L 

FIO.  3L  Sfagniiled  crou  ■ectkm  of  a  snuJl  portion  of  heart-wood  of  the  Plane-tree  or 
Bnttonwood  (Platanos  ocddentalis).  82.  A  correeponding  longitudinal  eeetlon,  parallel  with 
the  dveuaileraiMe.  a,  The  dotted  woody  tteM  i  the  lower  ends  of  the  two  eella  to  which  the 
letten  aie  appended  are  dlTlded  lengthwise,  so  m  to  show  the  Irregularlj  thickened  calibre ; 
the  others  are  mostly  entire,  showing  the  dots :  in  the  cross  seeUon  the  secondary  deposit  is 
•aen  to  form  Indistinct  layers,  and  some  of  the  dots  to  form  cansls  of  lateral  oommonicatioa* 
*,  Dotted  doets :  the  middle  one  Sn  the  longitudinal  section  is  obliquely  jointed,  e,  Medullary 
rsy. 

FIO.  88.  Portion  of  four  cells  of  the  woody  tissue,  with  both  transrerse  and  longitudinal 
■retkm,  highly  magnified,  showing  the  canals  or  deep  piu  in  the  thicliened  walls,  and  their 
appoeitkm  in  ai^joining  cells :  on  the  cross-section  the  layers  of  deposit  axe  more  phdnly  Tisible. 
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upon  what  are  called  dotted  diicts;  as  in  Fig.  82,  h,  and  Fig.  56,  57. 
All  markings  of  this  kind  are  thin  spots,  which,  for  some  reason, 
have  not  partaken  in  the  general  thickening  of  the  wall.  Although 
they  are  not  primarily  pores  or  real  perforations,  yet  they  often  be- 
come so  with  age,  by  the  destruction  of  the  thin  primary  membrane, 
after  the  cell  has  lost  its  vitality.  Fig.  32  shows  these  dots  on  the 
wood-cells  and  the  ducts  of  the  Plane-tree.  And  Fig.  33,  represent- 
ing some  of  the  wood-cells  more  highly  magnified,  explains  their 
real  nature,  namely,  as  deep  pits  in  the  thick  walL  It  will  be  seen 
that  the  pits  of  contiguous  cells  exactly  correspond ;  showing  that 
there  is  nothing  accidental  in  the  origin  or  the  arrangement  of  these 
markings.  They  are  manifestly  designed  for  maintaining  communi- 
cation between  contiguous  cells,  and  for  the  ready  conveyance  of  the 
sap  from  cell  to  cell,  notwithstanding  the  thickening  of  their  walls* 
Of  similar  nature,  although  of  greater  size,  are  the  so-called 


46.  Dites  or  Cirenlar  laridnp  of  Coniftioni  Wood  (Fig.  34-37). 

These  are  of  universal  occurence  in  the  wood  of  Pines,  Firs,  and  all 
that  family  of  Coniferous  trees ;  and  something  very  like  them,  if 
not  the  same,  occurs  in  the  Winter's-Bark  tree  (as  long  ago  shown 
by  Mr.  Brown),  the  Star- Anise,  and  even  in  the  Magnolia,  and  other 
aromatic  trees.  They  may  readily  be  seen  in  a  thin  Pine  shaving, 
taken  parallel  with  the  silver-grain :  for  in  the  Pine  family  they  are 
nearly  all  found  on  the  lateral  walls  of  the  cells,  few  or  none  being 
visible  on  the  sides  which  look  towards  the  bark  or  towards  the 

no.  84.  Piece  of  a  Pin*  shariDg,  nuigDifled,  to  show  the  diica  or  thin  ipots  which  appear 
OD  the  oella  of  all  Cooiiferoua  vood.    85.  A  ieparate  cell  of  the  above,  more  strongly  magnified. 

FIO.  86.  A  small  portlmi  of  five  cells  of  White*Plne  wood  magnified ;  seen  both  in  trans- 
Tsrse  and  longitodinal  section,  a,  a,  discs,  in  transrerse  section  :  6,  6,  discs  as  looked  down 
upon  in  longitadiaal  Tiew. 

VIG.  87.  A  highly  magnified  transrerse  section  of  one  complete  wood-cell,  connected  with 
adjacent  cells,  and  ofa  disc  (a):  after  MohL 
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|»th ;  while  the  smaller  dots,  of  the  ordinary  kind,  as  on  the  wood- 
cells  of  the  Plane-tree  (Fig.  32),  are  most  abundant  on  the  sides  that 
look  towards  the  centre  and  the  circumference  of  the  trunk.  The 
nature  of  these  disc-like  markings  is  plainly  revealed  in  the  aceora- 
pan^-ing  microscopical  dissections  of  White-Pine  wood  (Fig,  36,  37). 
Thej  are  thin  places,  which  have  not  received  the  thickening  deposit 
that  has  lined  all  the  rest  of  the  calibre,  or  have  received  it  in  a 
lesser  degree.  Those  of  contiguous  wood-cells  always  exactly  cor- 
Tes^^naoA,  just  as  do  the  smaller  dots'  or  pits  of  ordinary  wood ;  and 
the  two  cell-membranes  separate  from  each  other,  each  being  some- 
what curved  inward,  thus  leaving  a  lenticular  space  between  them, 
like  that  between  two  watch-glasses  put  together  by  their  edges. 

47.  Bands,  BingS,  or  Spiral  HarkingS.  These  are  mostly  definite 
portions  of  the  wall  more  thickened  than  the  rest ;  as  is  shown  by 
the  spiral  vessel,  where  the  secondary  formation  is  restricted  to  a 
delicate  thread,  capable  of  being  unwound  (60),  and  particularly 
by  the  remarkably  thick  plate  which  winds  around  in  the  cells  of 
certain  Cacti,  like  a  spiral  staircase  (Fig.  42,  43).  The  accompany- 
ing figures  illustrate  various  forms  of  banded,  reticulated,  or  spiral 
markings. 


48.  When  the  primitive  walls  of  such  banded  cells  remain  very 
thin  and  delicate,  they  are  apt  to  become  obUterated  at  maturity, 
leaving   the  firmer  fibrous  markings  as  separate  threads.     This 

TIG.  88.    A  cell  of  the  pith  of  Elder,  marked  with  oblong  dots,  which  are  thhi  placet. 

FIG.  89.    Oelli  of  the  leaf  of  Sphagnonif  or  Peat-Moei,  marked  with  a  spiral  fibre. 

FIG.  40-43   .  Spirally  banded  cells  from  species  of  Cactus,  after  Schlelden. 

FIG.  44.  Hairs  from  the  seed-coat  of  DIpteracanthus  strepens  ;  one  with  a  spiral  band,  the- 
other  with  a  set  of  rings  developed  on  the  inner  sarfiu»e  of  the  tube. 

no.  45.  Tissue  from  the  lining  of  the  anther  of  CobsM  scandens ;  where,  Uie  d^cate  walls 
of  the  cells  being  soon  obUterated,  nothing  but  the  fibrous  bands  with  which  thejr  were  marked. 
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occurs  in  the  tissue  that  lines  the  walls  of  the  anther;  and  in  tliis 
way  the  spirally  marked  tubes  (called  Elaters)  which  occur  in  the 
spore-cases  of  the  Hepatic  Mosses  or  Liverworts  are  converted  into 
elastic  spiral  threads.     Of  a  sijoiilar  nature  are  the 

40.  Gelaiinons  Coiltf  or  sofl  spiral  threads,  such  as  occur  in  the 
hairs  or  projecting  cells  which  invest  the  coats  of  many  seeds  or 
seed-like*  fruits,  and  which  when  moistened  often  uncoil  and  are 
projected  from  the  bursting  cell  in  a  striking  manner.  When  water 
is  applied,  this  is  absorbed  by  endosmosis  (40),  the  gelatinous  threads 
swell,  burst  the  cell-membrane,  and  gush  out  in  the  form  of  uncoil- 
ing mucilaginous  fibres  or  bands.  Good  examples  of  the  kind  are 
furnished  by  the  seeds  of  Collomia  and  Gilia,  and  by  hairs  or  papillas 
on  the  seed-like  fruits  of  numerous  species  of  Senecio  and  the  allied 
genera.  Those  of  Crocidium  project  a  tliick,  mucilaginous,  twisted 
band,  in  place  of  a  thread.  They  may  subserve  a  useM  purpose  in 
fixing  light  seeds  to  the  ground  where  they  lodge,  by  means  of  the 
moisture  of  the  first  shower  they  receive. 


Sect.  in.    Or  the  Kinds  oe  Transformations  op  Cellulab 
Tissue;   viz.  Woody  Tissue,  Ducts,  etc. 

50.  The  statements  of  the  preceding  section  apply  in  general  to 
the  cells  of  which  all  plants  are  composed,  irrespective  of  the  mani- 
fold forms  they  may  assume,  and  of  some  peculiar  transfohnations 
they  may  undergo.  Some  of  these  should  now  be  specified;  as 
they  give  rise  to  kinds  of  tissue  so  unlike  the  ordinary  cellular,  in 
outward  appearance  at  least,  that  they  have  always  been  distin- 
guished by  special  names.  We  allude  particularly  to  Woody  Tissue 
or  Woody  Fibre,  and  Vascular  Tissue  or  Vessels,  of  various  forms. 
These,  although  formerly  regarded  as  of  independent  origin,  are 
now  known  to  be  mere  modifications  of  one  common  type,  the  cell, 
and  are  produced  in  the  same  mode  as  ordinary  cells.  So  all  the 
statements  of  the  foregoing  section,  in  respect  to  the  formation,  mul- 
tiplication, and  growth  of  cells,  are  equally  applicable  to  these  also. 
Some  kinds  differ  from  ordinary  cells  in  shape  alone ;  others  result 
from  their  combination  or  confluence.  This  is  shown  in  two  ways: 
first,  by  noting  the  intermediate  gradations  which  may  be  found  be- 
tween every  particular  sort;  and  secondly,  by  watching  their  de- 
velopment and  tracing  them  directly  from  their  earliest  condition,  as 
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ordinary  cells,  to  the  peculiar  forms  they  soon  assume.  In  enumer* 
ating  the  kinds  of  vegetable  tissue,  we  commence  with  cellular  tissue 
strictly  so  called,  or 

51.  Parenchyma.  This  is  the  distinctive  name  for  ordinary  mem- 
branous cellular  tissue  in  general,  such  as  that  which  forms  the  pith 
of  stemsr  and  their  outer  bark.  In  the  most  restricted  application,  it 
belongs  to  such  tissue  when  composed  of  angular  or  polyhedral  ceUs 
(as  in  Fig.  1-3,  9,  &c.).;  the  name  of  Merenchyma  having  been 
proposed  for  the  looser  tissues  (as  in  Fig.  7,  and  in  the  pulp  of 
leaves  and  fruits  generally),  formed  of  rounded  or  ellipsoidal  cells, 
that  is,  where  they  do  not  mutually  impress  each  other  into  plane 
&ces.  But  this  distinction  vanishes  in  the  numberless  intermediate 
states ;  and  the  name  of  Parenchyma  is  applied  to  both.  That  in 
which  the  walls  touch  each  other,  more  or  less,  and  leave  interven- 
ing spaces  where  the  ends  or  sides  are  rounded  off,  is  termed  by 
Schleiden  incomplete  parenchyma  ;  and  that  in  which  the  cells  are  in 
perfect  contact  on  every  side,  complete  parenchy- 
ma. The  latter  is  reytUar,  when  the  cells  are 
dodecahedral  or  cubical ;  elongated  or  prismatic^ 

when  extended  longitudinally;  and  tabular,  when 
cubical  cells  are  much  flattened;  one  kind  of 
which,  called  the  muriform,  because  the  laterally 
compressed  cells  appear  in  the  magnified  section 
like  courses  of  bricks  in  a  wall,  is  seen  m  the 
silver-grain  of  wood  (Fig.  192). 

52.  Frosenehyina  is  the  general  name  for  tissues 
formed  of  elongated  cells,  especially  those  with 
pointed  or  oblique  extremities.  Every  gradation 
may  be  traced  between  this  and  parenchyma.  As 
to  length,  such  cells  vary  from/im/brm,  or  spindle- 
shaped,  only  three  or  four  times  longer  than  broad, 
to  tuhulary  and  to  tubes  so  long  and  narrow  that 
they  are  commonly  called  fibres.  The  most  char- 
acteristic form  of  prosenchyma  is 

53.  Woodjr  Tissae.  (Pleurenchyma  of  Meyer  and 
Lindley.  Woody  Fibre  of  the  older  authors.) 
Wood,  which  makes  up  so  large  a  part  of  trees 

FIO.  46.  Some  wood-c«Il8  of  the  Plane-t-ee  or  Buttonwood,  highly  mignified:  a,  thin 
•pots  in  the  wnlU,  looking  like  holes ;  on  the  right-hand  side,  where  the  walls  are  cut  tlirough, 
these  (ft)  are  seen  in  profile. 

4* 
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and  shrubs,  and  some  part  of  almost  all  ordinary  herbaceous  plants, 
is  wanting  in  Mosses  and  plants  of  still  lower  grades,  such  as 
Liehens,  Sea-weeds,  and  Fungi.  That  is,  in  the  latter  there  is  no 
formation  corresponding  to  the  wood  of  higher  plants,  although 
many  of  them  exhibit,  at  least  in  certain  parts,  cells  more  or  les* 
elongated,  or  even  drawn  out  into  tubes  or  hollow  fibres  of  greater 
length  and  tenuity  than  are  those  of  ordinary  wood;  such,  for 
instance,  as  the  interlaced  fibrous  tissue  of  Lichens  (Fig.  25)« 
Nor,  on  the  other  hand,  does  the  proper  wood  of  trees  (except  in 
the  Pine  family)  consist  entirely  of  what  is  named  woody  tissue, 
but  has  some  other  sorts  variously  intermingled  with  iU  Indeed, 
there  are  some  trees  whose  wood  is  almost  entirely  ccmiposed 
of  true  parenchyma,  or  of  large  dotted  cells ;  while  in  stone-fruits, 
and  many  like  cases,  common  parenchymatous  cells  acquire  by  in- 
ternal deposit  (41)  a  ligneous  consistence,  and  even  greater  hardness 
than  ordinary  wood  (39).  Nevertheless,  the  principal  and  charac- 
teristic component  of  wood  in  general  is  thick-walled  prosenchyma. 
So  that  this  takes  the  name  of  woody  tissue  even  in  the  bark  and 
leaves, 'as  well  as  in  the  trunk.  Fig.  82  represents  some  of  the 
various  elements  of  the  wood  of  the  Plane-tree.  And  Fig.  46  ex- 
hibits three  or  four  wood-cells  from  the  same  tree,  more  highly 
magnified;  the  two  right-hand  ones  cut  through  lengthwise,  and 
one  of  these,  at  the  upper  end,  with  a  piece  of  another,  also  cut 
across,  to  show  the  thickness  of  the  walls. 

54.  This  and  the  following  figures  likewise  show  how  the  wood- 
cells  are  as  it  were  spliced  together,  overlapping  one  another  by 
their  tapering  ends.  Forming  wood  consists  of  oblong  or  prismatic 
cells,  with  their  ends  nearly  square  or  merely  oblique:  as  these 
young  cells  lengthen,  the  ends  become  more  oblique,  and  push  by 
each  other,  or  become  wedged  together.  The  wood-cells  repre- 
sented in  Fig.  46  are  about  ^jshv  ^^  ^^  ^"^^  ^^  diameter.  Those  of 
our  Linden  or  Bass-wood  (a  few  of  which  are  shown  in  Fig.  50,  51) 
are  rather  larger,  but  not  more  than  t^-j  of  an  inch  in  diameter.* 
Their  size  varies  in  different  plants  almost  as  much  as  ordinary  cells 
do,  but  they  are  usually  much  smaller  than  parenchyma,  especially 
in  herbaceous  plants.  Perhaps  the  largest  are  found  in  the  Pine 
family,  where  they  are  of  a  peculiar  sort,  and  are  often  as  much 

*  Lindloy  states  that  the  woody  tabes  of  the  Lmden  are  as  mach  as  j^  of 
an  inch  in  diameter ;  but  I  find  none  of  anything  like  this  size. 
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^  T^TT  OP  liv  of  an  inch  in  diameter.    The  density  or  closeness  of 
grain  in  wood,  however,  does  not  depend  so  much  on  the  fineness 
of  the  wood-cells  as  upon  the  thickness  of  their  walls.     This  is 
much   greater  in  proportion   to  their  diameter  than  in  ordinary 
parenchyma,  and,  with  their  slendemess,  and  their  very  compact 
arrangement  into  threads  or  masses  which  run  lengthwise  througli 
the  stem,  conspires  to  give  the  toughness  and  strength  which  charac- 
terize those  parts  in  which  this  tissue  ahounds.     In  old  wood  of  the 
harder  kinds,  'the  walls  of  the  cells  become  so  thick  as  almost  to 
obliterate  the  calibre  (Fig.  198).    The  thickening  is  generally  uni- 
form, giving  rise  to  no  markings  except  the  pits,  or  small  thin  spots, 
already  described  (45),  which  appear  like  pores.     These  are  of  very 
general  occurrence,  and  are  readily  seen  in  the  wood  of  the  Plane- 
tree  (Fig.  82,  a,  46).     Markings  of  this  kind  are  most  conspicuous 
in  the  Diio-bearing  Woody  Tissue  {Glandular   Woody  Tissue  of 
lindley)  of  the  Pine  Family,  the  nature  of  which  has  just  been 
explained  (46).     On  account  of  their  markings  and  their  unusual 
size,  and  because  in  the  Pine  family  they  make  up  the  wood  without 
any  admixture  of  ducts,  these  pecu- 
liar wood-cells  have  been  thought  to 
be  rather  a  form  of  vascular  tissue. 
But  in   the   Star-Anise  much  the 
same  kind  of  marking  is  found  on 
undoubtedly  genuine  woody  tissue 
(Fig.   47).     In  the  Yew,  on  the 
other   hand,  where   the   discs    are 
few,  delicate  spiral  markings  appear 
(Fig.  48),  showing  a  transition  be- 
tween the  proper  woody  and  the 
vascular  tissues ;  as  is  seen  by  com- 
paring the  figure  with  that  of  a 

spirally  marked  duct  of  Bass-wood,  "  *• 

Fig.  50,  a.  Here  the  thickening  deposit  is  in  two  successive  and 
dissimilar  layers ;  the  first,  with  circular  vacuities,  forming  the  discs, 
while  the  second  or  innermost  bears  the  spiral  markings. 

FIO.  47.  Magnified  woodj  tiitoe  of  mieiam  Floridamiin  (kmglfcadlaal  rfow),  mmxked  with 
luKB  dots,  like  the  discs  on  the  wood-celbi  of  the  Pine  family. 

FIO.  48.  Bfegnified  woodjr  tisrae  ttooL  the  American  Tew  (longitudinal  riew),  some  cells 
ibowing  deUeate  spiral  Hoes  only ;  some  sliowing  the  disc-like  markings  or  dots  of  ordinary 
Conifene ;  and  others  with  both  kinds  of  marldngs.  Across  the  base  is  seen  a  portion  of  a 
medallaiy  ray. 
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55.  Bast  Tissne,  or  Woody  Tissue  of  the  Liber.    The  bast  or  bass, 
fibrous  inner  bark,  or  liber,  as  it  is  variously  termed,  of  those  plants 
49        50  M  that  have  a  true  bark  separable  from 

the  wood  of  the  stem,  usually  consists  of 
or  contains  much  longer,  very  thick-sided, 
and  tougher,  but  more  soft  and  flexible 
cells,  than  those  of  the  wood  itself.  These 
properties  are  "probably  given  them  that 
they  may  possess  the  strength,  oomlnned 
with  flexibility,  which  their  position  near 
the  circumference  of  a  branch  renders 
necessary."  These  especially  adapt  them 
to  'the  useful  purposes  they  so  largely 
subserve  for  clothing  and  cordage.  The 
textile  fibres  of  flax,  hemp,  Ac  are  all  de- 
rived from  this  woody  tissue  of  the  bark, 
separated  from  the  brittle  cells  of  the 
wood  itself,  and  freed  frt>m  the  surround- 
ing thin-sided  parenchyma  by  macer»» 
tion  (which  soon  decomposes  the  latter) 
and  by  mechanical  means.*  The  length 
of  bast^cells  as  compared  with  wood-cells 
is  exemplified  in  the  accompanying  figures 
of  the  two,  from  our  Basswood  (Fig.  49 
-51).  The  difference  in  the  thickness 
of  the  walls  in  this  case  is  also  great ;  the  cells  of  the  soft  wood  hav- 
ing rather  thin  walls  even  when  old  (Fig.  52),  while  those  of  the 


1/ 


*  Cotton  differs  from  linen  in  many  respects,  and  is  of  a  very  different  origin. 
It  consists  of  hairs,  or  long  tubalar  cells,  growing  on  the  seeds  of  the  plant. 
These  have  very  thin  walls,  which  collapse  so  that  the  tube  flattens,  and  then 
twists  spirally,  which  gives  them  a  peculiar  adaptation  to  be  spun,  or  drawn  oat 
together  by  torsion  into  a  thread,  contignons  fibres  thus  moderately  clinging  to 
each  other  as  they  are  drawn  out  But  they  have  not  such  thick  and  tough 
walls  as  liber-cells ;  so  a  cotton  fabric  is  not  so  heavy  nor  so  durable  as  linen. 


710.  49.  One  bMt-oell,  and  part  of  another,  from  the  bark  of  Ameriean  Basswood.  60. 
Some  woody  tissue  from  the  wood  of  the  same,  with,  a,  upper  end  of  a  spiFally-marked  duet. 
61.  A  separate  cell  from  the  wood.    All  magnified  to  the  same  degree. 

FIQ.  62.  Transrerse  aeeCion  of  ■ome  wood-cells  of  the  Basswood,  highly  magnified.  68. 
Similar  section  of  some  bast-cells  from  the  bark  of  the  same  tree,  equally  magnified. 

Fia.  54,  55.    Ends  of  bast<ells  from  the  bark  of  the  Leather-wood  (Dixva  palustris),  mag- 
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bust  fFig.  58)  are  so  extremely  thick-walled  as  almost  to  obliterate 
the  cavity.  The  disproportion  in  length  is  still  greater  in  our 
Leather-wood,  which  has  a  bark  of  extraordinary  toughness,  used 
for  thongs,  while  the  wood  is  very  brittle  and  tender.  Its  capillary 
bast-cells  measure  fit>m  an  eighth  to  a  sixth  of  an  inch  in  length, 
with  an  average  diameter  of  j^Vrr  o^  »"  ^^^^  (^^  that,  if  the  whole 
length  of  a  cell,  magnified  as  in  Fig.  54,  55,  were  given,  the  figure 
would  be  from  a  foot  to  a  foot  and  a  half  in  length)  ;  while  those  of 
the  wood  itself  are  only  the  hundredth  of  an  inch  long.  Among  the 
bast-cells  are  found  the  longest  cells  which  occur  in  any  tissue.  Still 
the  individual  cells  are  by  no  means  absolutely  so  long  as  they  are 
supposed,  and  have  sometimes  been  stated,  to  be.  Few  are  of  such 
length  as  those  of  the  Leather-wood,  above  mentioned.  According 
to  Mohl  (Bat,  Zeit  1855,  p.  876)  there  are  few  plants  in  which 
they  exceed  the  twelfth  of  an  inch ;  but  he  has  found  them  an  inch 
long  in  Flax  and  in  our  conunon  Milkweed  (Asclepias  Comuti),  and 
somewhat  longer  in  the  Nettle. 

56.  Woody  tissue  runs  lengthwise  through  the  stem,  root,  or  other 
organ ;  hence  it  is  sometimes  designated  as  Longitudinal  Tissue,  the 

Vertical  or  Longitudinal  Sgstem  of  the  stem,  &c.  It  shares  this 
name,  however,  with  some  other  forms  of  tissue  which  accompany 
it,  particularly  in  the  wood.  The  cells  which  compose  -k.  agree 
in  exhibiting  markings  of  some  kind  on  their  walls,  and  in  being 
larger  than  those  of  woody  tissue :  they  are  all  more  or  less  tubular, 
or  conspire  to  form  tubes  of  considerable  length,  and  hence  they  havie 
all  been  combined,  in  a  general  way,  under  the  name  of 

57.  Taseolir  Tissue  or  Tesseh.  Not  to  be  misled  by  the  name,  it 
should  be  remembered  that  these  so-called  vesnh  are  mere  modifica- 
tions of  cellular  tissue,  and  are  wholly  unlike  the  veins  and  arteries 
of  animals.  It  is  much  better  to  call  them  ducts,  a  name  appropriate 
to  their  nature  and  office,  and  leading  to  no  false  inferences.  Their 
true  nature  is  most  readily  shown  in  the  largest  and  most  conspicu- 
ous kind,  one  which  often  exhibits  unequivocal  indications  of  its 
cellular  origin,  viz. 

58.  Dotted  BnetS,  called  also  Pitted  or  Vasiform  Tissue,  Bothren- 
chgmoj  &c  (Fig.  56,  57).  They  have  likewise  been  termed  Porous 
Cells  or  Porous  Vessels ;  but  the  numerous  dots  that  characterize 
them  are  places  which  have  not  been  thickened  in  the  manner 
already  explained  (41,  44),  and  not  perforations,  except  in  old  cells, 
where  the  primary  membrane  may  be  obliterated.     Sometimes  they 
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are  continuous  tubes  of  considerable  length  (Fig.  57) ;  but  occasion* 
all/  thej  exhibit  cross-lines  at  certain  intervals,  plainly  showing  that 
they  are  made  up  of  a  row  of  cells  placed  end  to 
end,  and  becoming  a  tube  by  the  obliteration  of  the 
intervening  partitions  (Fig.  56).  In  Fig.  32  some 
dotted  ducts  (one  of  them  exhibiting  oblique  partis 
tions  or  ends)  are  shown  in  place  among  the  woody 
tissue.  It  is  in  the  wood  that  they  commonly 
abound.  Being  of  greater  calibre  than  any  other 
cells  or  vessels  found  there,  they  form  the  pores  so 
conspicuous  to  the  naked  eye  on  the  cross-section 
of  many  kinds  of  wood,  such  as  of  Oak,  Chestnut, 
^  ^  and  Mahogany,. as  well  as  the  lines  or  channels 
seen  on  the  longitudinal  section.  Their  size,  compared  with  that  of 
the  wood-cells  in  the  wood  of  the  Plane-tree,  is  shown  both  in  longi- 
tudinal and  transverse  section,  in  Fig.  81,  32. 

59.  Scalariform  Dncti  (Fig.  58,  59),  differ  from  dotted  ducts  only 
in  the  form  of  the  markings,  the  thin  spots  being  transversely  elon- 
gated instead  of  circular,  and  appearing  like 

cross-bars,  which  have  been  likened  to  the 
rounds  of  a  ladder,  whence  the  name.  This 
is  the  more  striking  when  the  ducts  are  pris- 
matic (by  mutual  pressure)  and  the  cross-bara 
occupy  nearly  the  whole  length  of  each  side,  as 
in  Fig.  58.  Ducts  of  this  sort  abound  in  the 
stems  or  stalks  of  Ferns.  The  markings  are 
often  spiral  in  their  arrangement;  as  is  shown 
in  Fig.  59,  by  the  way  the  duct  tears  into  a 
band.  Ducts  of  this  and  of  the  foregoing  sort, 
where  the  markings  are  thin  places,  have  been 
named  by  Morren  and  Lindley  Bothrenchymoy 
meaning  pitted  tissue.  ••  " 

60.  Retiealated,  Auunlar,  and  Spiral  Dneti  (Fig.  60-65),  on  the 
other  hand  (called  Trachea^  from  their  resemblance  to  the  windpipe, 
or  rather  to  the  tracheae  or  air-tubes  of  insects),  have  been  distin- 
guished by  Morren  and  Lindley  under  the  general  name  of  Trachefk* 
chyma.     In  these  the  markings,  at  least  in  most  cases,  are  thicker 

VIO.  66.  Portkm  of  •  dotted  daet  ftom  the  Vine,  evidaatlj  DMdo  ap  of  »  Mries  of  short  oalli. 

FIO.  57.  Part  of  ft  tmallerdottad  duet,  showing  no  appeuane*  of  raehcoinpoiitioa. 

FIG.  68.  Bcslarfform  duets  of  a  Fern,  lendeivd  prismatie  by  motual  | 

FIO.  69.  Similar  duct  of  a  Fern,  torn  into  a  splrsl  band. 
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places  than  the  rest  of  the  walL     Thej  are  elongated  cells,  or  tubes 
formed  by  the  confluence  of  several  cells  into  one,  with  the  delicate 
walls  strengthened  hj  the 
deposition  on    their   inner 
surface   of  additional   ma- 
terial, in  the  form  of  bands, 
sometimes    branching   and 
forming  network  (the  He^ 
ticuUUed  duci)j  as   in   the 
middle   of  Fig.   60,  or  of 
rings    (the  Annular  duci)^ 
as  in  the  middle  of  Fig. 
61,  or  of  a  continuous  spi- 
ral thread  (Fig.  62,  63),  or 
a  number  of  such  threads 
(Fig.  64),  thus  forming  the        " 
^ral  duct  or  Spiral  vessel.     The  coiled  thread  has  been  generally 
thought  to  be  solid.     But  Trecul,  in  a  memoir  already  referred  to 
(42,  note),  insists  that  it  is  hollow,  and  it  really  appears  to  be  so  in 
the  thick  threads  or  bands  of  certain  cells  in  the  wood  of  several 
•  h    9    4    t        sorts  of  Cactus,  such  as  are  shown  in  Fig.  40  -  43, 
which  are  well  adapted  for  the  investigation  of 
this  point.     In  the  true  Spiral  Vessel  the  fibre  is 
so  strong  and  tough,  in  comparison  with  the  deli- 
cate membrane  on  which  it  is  deposited,  that  it 
may  be  torn  out  and  uncoiled  when  the  vessel  is 
pulled  asunder,  the  cell-wall  being  destroyed  in 
the  operation.     This  is  seen  by  breaking  almost 
any  young  shoot  or  leafstalk,  or  the  leaf  of  an 
Amaryllis,  and  gently  separating  the  broken  ends ; 
""  when  the  uncoiled  threads  appear  to  the  naked 

FIO.  00.  A  portkm  of  a  doct  tmai  the  Icafttelk  of  Cderj  j  the  lower  p«rt  annvdar ;  tb« 
Middle  retintlaudy  and  the  thread  at  the  upper  part  hroken  up  Into  short  pieces. 

flQ,  61  Duet  tnm  the  WUd  BalMum  or  Jewel-weed ;  the  colli  of  the  thread  distant;  a 
portkm  forming  separate  rings. 

FIO.  G2.    A  simple  spiral  Teesel,  torn  across,  with  the  thread  uncoiling. 

riQ.  68.    Two  such  Tessels  joined  at  their  pointed  eztrsmities. 

VIO.  64.    A  compound  spiral  Tessel,  partlj  uncoiled,  fhna  the  Banana. 

FIO.  65.  A  bundle  of  spiral  ducts  trota  the  stem  of  Prince's  Feather  (Polygonum  orientale), 
asgntfled  :  «,  one  composed  of  short  cells  and  with  the  fibre  closely  coiled :  the  next,  6,  is 
conpoeed  of  much  longer  Joints,  and  ha*  a  very  loose  coil :  e  is  short->ointed,  and  the  flhre  of 
the  loose  coil  is  occasionally  forked  :  d  and  e  show  no  appearance  of  Joints  or  partitions,  and 
the  turns  of  the  spiral  fibre  are  still  more  remote. 
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eye  like  a  fine  cobewb.  In  stems^  ibrnished  with  pith,  the  spiral 
vessels  usoallj  occnpj  a  circle  immediately  around  it.  They  occur 
also  in  the  veins  of  the  leaves,  and  in  all  parts  which  are  modifi- 
cations of  leaves.  More  commonly  the  coil  is  formed  of  a  single 
fibre,  as  in  Fig.  62,  63 :  it  rarely  consists  of  two  fibres ;  but  not 
uncommonly  of  a  considerable  number,  forming  a  band,  as  in  Fig. 
64.  Spiral  vessels  of  the  latter  kind  are  to  be  found  in  an  Aspara* 
gus  shoot,  and  are  finely  seen  in  the  stems  of  the  Banana.  From 
the  Musa  textilis  of  Manilla,  of  the  same  genus  as  the  Banana, 
these  cobwebby  fibres  are  said  to  be  extracted  in  large  quantities^ 
and  used  in  the  production  of  the  most  delicate  of  textile  fabrics. 

61.  True  spiral  vessels,  capable  of  uncoiling,  occur  in  all  plants 
of  the  higher  grades,  but  only  in  particular  parts.  Reticulated  an^ 
annular  ducts  abound  in  most  herbaceous  stems ;  and  every  transi- 
tion may  be  detected  between  the  various  kinds.  Fig.  65  shows  a 
number  of  variations,  such  as  may  be  seen  at  one  view  in  the  stena 
of  a  Polygonum.  Some  have  the  fibre  closely  coiled ;  in  others  the 
turns  are  distant.  Some  are  simple  tubes,  and  apparently  formed  of 
a  single  elongated  cell :  others  show  cross  partitions,  or  vestiges  o^ 
them,  and  so  are  made  up  of  a  row  of  cells ;  and  if  these  be  c<»ii- 
pared  with  Fig.  89  -  43,  &c*,  it  will  plainly  appear  that  ducts  of  all 
sorts  are  only  a  modification,  of  ordinary  cells.  Even  the  longest 
are  of  no  great  length  j  very  rarely  are  they  above  half  an  inch 
long ;  and  they  terminate  by  closed  ends,  like  all  other  cells ;  the 
termination  being  either  abrupt  or  more  commonly  conical  or  ob- 
tusely pointed.  In  young  parts  the  ducts,  like  other  cells,  contain 
liquid,  the  ordinary  juices  of  the  plant:  in  older  stems  they  are 
filled  with  air,  except  when  the  whole  tissue  is  gorged  with  sap, 
which  then  finds  its  way  into  these  alsa 

62.  Interlaced  FibrilHfiinn  Tiirae.  This  is  quite  as  distinct  from 
ordinary  cellular  tissue,  and  as  worthy  of  a  special  name,  as  any  of 
the  kinds  already  described.  It  is  the  more  worthy  of  notice, 
from  its  near  resemblance  to  some  forms  of  animal  tissue.  It 
consists  of  very  long,  much  attenuated,  simple  or  branching,  fibre- 
like cells,  or  strings  of  cells,  inextricably  entangled  or  interwoven 
without  order,  so  as  to  make  up  a  loose,  fibrous  tissue.  It  is  prin- 
cipally met  with  in  Fungi,  Moulds,  &c.,  where  the  cells  are  ex- 
tremely soft  and  destructible ;  and  in  Lichens  (Fig.  25),  where  it  is 
dry  and  much  firmer.  A  remaining  and  a  very  ambiguous  element 
of  vegetable  fabric  is 
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63.  LaticifelODI  Tiisae.  ( Vessels  of  the  Latex  or  Milky  Juice, 
dnenckyma  of  Moiren  and  Lindley.)  This  consists  of  long  and 
irregular  branching  tubes  or  passages,  lying  in  no  definite  position 
with  respect  to  other  tissue,  and  when  young  of  such  extreme  tenu- 
ity (their  average  diameter  being  less  than  the  fourteen-hundredth 
of  an  inch)  and  of  such  trans- 
parency that  they  are  hardly 
visible,  even  under  powerful  mi- 
croscopes, except  by  particular 
manipulation.  But  their  older 
trunks  are  larger  and  more  evi- 
dent, when  gorged  with  the  milky 
or  other  special  juices  which  it  is 
their  ofRce  to  contain,  and  when 
their  sides  are  thickened  by 
the  deposition  of  such  matters.  "  •^ 

Another  peculiarity  is,  that  they  anastomose  or  inosculaUj  forming 
a  sort  of  network  by  the  union  of  their  branches,  so  that  they  freely 
communicate  with  each  other.  In  this  respect,  as  well  probably  as 
in  the  mode  of  their  formation,  they  resemble  the  veins  of  animals. 
But  their  branches  do  not  proceed  from  larger  trunks,  and  in  turn 
divide  into  smaller  branchlets.  They  merely  fork  and  inosculate 
here  and  there,  the  branches  bemg  commonly  as  large  as  the  trunk 
before  division.  The  articulations  which  they  oflen  present  (as  in 
the  upper  part  of  Fig.  67)  would  seem  to  prove  that  they  are  formed 
by  the  confluence  of  cylindrical  cells.  It  is  altogether  most  probable, 
however,  that  they  are  not  composed  of  cells  at  all ;  but  are,  at  first, 
mere  passages  in  the  intercellular  spaces,  which  in  time  are  bounded 
by  walls  formed  by  deposition  from  the  contained  fluid.  Schultz, 
who  discovered  these  peculiar  vessels  and  gave  to  them  their  present 
name,  describes  a  regular  circulation  of  the  juice  they  contain; 
which  would  make  them  still  more  analogous  to  the  vessels  or  veins 
of  animals.  But  this  has  been  shown  to  have  no  real  existence. 
There  is  merely  a  mechanical  fiow  from  any  part  under  pressure,  or 
towards  a  place  from  which  the  latex  is  escaping,  as  from  a  wound. 
Laticiferous  vessels  occur  in  the  bark,  especially  in  the  liber,  in  the 
leafstalks,  and  in  the  leaves,  especially  of  those  plants  which  have 
a  milky  juice. 

FIO.  06.    Vcaeli  of  the  lutex,  nunifylng  among  ccllolar  tlsrae,  In  the  Dwidelkm ;  ud  67, 
'old«  ami  lai^er  Teaatla  from  the  nme  plaat ;  all  highlj  iiiagiiHle<L 
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C4.  All  the  diiTerent  kindd  of  tissue  that  enter  into  the  composi- 
tion of  the  plant  have  now  heeni  described^  and  all  (excepting  the 
doubtful  latex-vessels)  referred  to  the  cell  as  their  originaL  Eveiy 
plant,  or  each  organ,  consists  at  first  of  one  or  more  cells  of  proper 
cellular  tissue.  In  many  of  the  simpler  vegetables,  the  cells  multi- 
ply in  this  primitive  fonn  solely ;  and  the  fully  developed  plant  con- 
sists of  parenchyma  alone.  But  in  all  plants  of  the  higher  grades, 
some  of  them  early  assume  the  forms  of  wood-cells  and  of  ducts. 
These  modified  cells  always  lie  vertically  in,  or  conspire  to  form, 
bundles  or  cords  that  run  lengthwise  through,  the  stem  or  other 
organ  they  occur  in.  They  are  associated  with  each  other,  and 
together  make  up  the  woody  parts,  as  in  the  wood  proper,  in  the 
liber  or  inner  bark,  and  in  the  fibrous  frameworic  of  tlie  leaves. 
Although  the  various  kinds  exhibit  transidons  through  every  man- 
ner of  intermediate  forms,  the  whole,  taken  together,  compose  tissues 
which  are  almost  always  manifestly  different  from  the  parenchyma 
in  which  they  are  imbedded.  It  is  convenient,  therefore,  to  give 
them  a  general  name,  and  to  denominate  them,  from  their  position, 
the  Vertical  or  Longitudinal  Syitem^  or,  from  .their  nature,  the 
IXbrO'VaMcular  or  Woody  System ;  in  contradistinction  to  the  Bori^ 
zontal  or  common  CeUular  System  of  the  plant,  consisting  of  paren- 
chyma alone. 

65.  lotereellalir  Sjntem.  The  only  exception  to  the  statement 
that  all  the  vegetable  tissues  are  formed  of  cells,  is  that  of  the 
so-called  vessels  of  the  latex,  which,  according  to  the  view  now  best 
supported,  are  a  secondary  formation,  resulting  from  the  transuda- 
tion of  peculiar  assimilated  matters  into  the  interspaces  between  the 
cells ;  and  are  therefore  rather  to  be  classed  with  other  receptacles, 
canals,  or  intervals  that  are  found  among  or  between  the  cells. 
Some  of  these  are  accidental,  or  at  least  are  irregular  and  indefi- 
nite: such  are  the  Intercellular  Spaces  or  Passages,  left 
when  the  cells  are  not  in  contact  throughout.  Of  the  same  char- 
acter are  the  larger  and  irregular  spaces  in  the  lower  stratum  of 
the  tissue  of  most  leaves  (Fig.  7  and  Fig.  221),  and  which  form 
irregular  winding  passages  through  which  the  air,  admitted  through 
tlie  stomates  (70),  freely  circulates. 

66.  ii^PlSllge8,  however,  are  not  always  so  irregular.  The  stalks, 
and  ofien  the  foliage  abo,  of  aquatic  and  marsh  plants  generally 
abound  with  regular  air-channels,  of  much  greater  diameter  than 
the  cells  of  the  tissue.    These  air-passages  are  symmetrically  ar- 
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mnged,  and  are  as  elaboratelj  constructed  as  any  proper  oi^gan  can 
be.  They  are  built  up  of  cells  In  a  manner  which  may  be  conqiared 
to  a  stack  of  flues  or  chimneys  built  of  brick :  they  are  constructed 
upon  a  uniform  plan  m  each  species,  and .  are  evidently  essential 
parts ;  plants  which  grow  in  water  requiring  a  full  supply  of  air 
m  their  interior.  Fig.  68  shows  bobm  of  these  air-passagea  m  the 
floweMtalk  of  Oalla  ^thwpica. 


67.  Becqitaclei  of  Spcdal  Sceitliont.  These  arise  &om  the  exuda- 
tion of  the  proper  juices  of  the  cells  into  intercellular  passages, 
which  are  distended  by  the  accumulatioii ;  or  from  the  obliterati<m 
of  contiguous  cells,  so  as  to  form  cavities  of  considerable  size*  Such 
are  the  turpentine-canals  of  the  Pines,  &c;  the  oil-cells  of  the 
fruit  of  the  Umbellifene,  and  those  in  the  rind  of  the  orange  and 
lemon;  the  latex-canak  m  Sumach,  &c.  Internal  Glands^  such  as 
those  which  ferm  the  translucent  dots  in  the  leaves  of  the  Orange 
and  Myrtle,  are  little  clusters  of  cells,  filled  with  essential  oiL 

68.  Epidennil  Systein.  In  most  plants,  except  of  the  lowest  grades, 
and  those  which  grow  under  water,  the  superficial  layer  of  cells  is 
difTerient  fW>m  the  rest,  and  forms 

69.  Tlie  EpidermiSf  or  skin  of  the  plant  This  consists  of  one  or 
more  layers  of  empty  tluck-walled  cells,  cohering  so  as  to  form  a 
firm  and  close  membrane,  which  may  be  detached  from  the  subjaceut 
tissue.  It  covers  all  parts  of  the  plant  which  are  directly  exposed  to 
the  air,  except  the  stigma.  Its  structure  and  office  will  be  described 
in  the  chapter  on  the  Leaves.  The  epidermis  .fonn^  a  complete 
and  continuous  covering,  except  that  in  certain  parts,  especially  on 
the  lower  surface  of  the  leaves,  it  is  perforated  by  a  multitude  of 
small  openings,  called 

TIQ.  88.  A  magnified  sllee  »eroa  jMiriof  the  floiror-fltalk  of  Calta^JKthlopIca  of  our  gie^- 
'iMOMe,  showing  the  krge  alr-panages,  built  up  of  celli ;  nearly  in  tlie  centre,  a  handle  of 
■oody  HwooJaaeen  in  cioie  aectioa. 
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70.  Stamttei  (Stomata)  or  BreatUng-PorfS.  These  have  a  peculiar 
stnicture,  the  opening  being  guarded  usuaUj  bj  a  pair  of  thin-walled 
cells,  so  arranged  as  to  dose  or  open  according  to  circumstanoea. 
They  will  also  be  illustrated  in  the  chapter  on  the  Leaves,  to  which 
they  more  particularly  belong. 

71.  Bttin  are  external  prolongations  of  cells  of  the  epidermis,  con- 
sisting either  of  single  elongated  cells,  or  of  several  cells  placed  ^id 
to  end,  or  of  various  combinations  of  such  cells.  They  are  simple 
or  branched,  single  or  clustered  (stellate,  &c.),  and  exhibit  the 
greatest  variety  of  forms.  In  what  are  called  Gkmdtdar  Hairs,  cr 
Stalked  CRandSy  the  upper  cell  or  cluster  of  cells  has  a  peculiar 
structure,  and  elaborates  peculiar  (usually  odorous)  products,  such 
as  the  fragrant  volatile  oil  of  the  Sweetbrier. 

72.  Glindl*  This  name  is  applied  to  any  secreting  apparatus,  and 
espedaUy  to  superficial  appendages  of  the  epidermis  which  elaborate 
odorous  or  other  products. 

73.  StinPi  or  Stinging  Bairty  such  as  those  of  the  Nettle,  g^ier- 
ally  consist  of  a  rigid  and  pointed  cell,  borne  on  an  expanded  base, 
or  gland,  which  secretes  an  irritating  fluid. 

74.  Briltlci  (Set€B)  are  rig^d,  thick-walled  hairs,  usually  of  a  sing^ 
cell.  But  the  name  is  likewise  given  to  any  similar  bodies,  of  what- 
ever nature. 

75.  Prifklci  are  larger  and  indurated,  sharp-pmnted  processes  of  the 
epidermis  or  the  bark  (but  not  of  the  wood)  ;  such  as  those  of  the 
Bose  and  Blackberry. 

76.  Senrfy  or  Lepidote,  ScaU-Uke  Hairs,  are  flattened,  star-like 
clusters  of  cells,  united  more  or  less  into  a  sort  of  scale,  which  is 
fixed  by  its  centre  to  the  epidermis.  They  are  well  shown  in  the 
Oleaster,  Shepherdia,  and  most  silvery  leaves  like  theirs.  Our 
species  of  Yeacaria  exhibit  beautifiil  gradations  between  these  and 
star-shaped  (sidlaki)  hairs. 


Sect.  IV.    Of  the  Contents  op  Cells. 

77.  These  comprise  all  the  products  of  plants,  and  also  the 
materials  plants  take  in  from  which  these  products  are  elabcHrated. 
To  treat  of  them  fully  would  anticipate  the  topics  which  belong  to 
the  chapter  on  Nutrition.  Some  of  the  contents  of  cells,  however, 
have  already  been  mentioned,  in  the  account  of  their  production  and 
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growth  (27-40) :  others  require  a  brief  notice  here,  especially  two 
eolld  products  which  are  of  nearly  universal  occurrence  and  of 
great  importance  in  the  Tegetable  economy,  namely,  ChbropItyU  and 
SbxttJu 

78.  The  same  cells  contain  liquids,  solids,  and  air,  at  different 
ages.  Growing  and  vitally  active  cells  are  filled  with  liquid  (at 
least  while  vital  operations  are  carried  on),  namely,  with  water 
charged  more  or  less  with  nutritive  assimilated  matters,  the  pre- 
pared materials  of  growth  (11,  27).  Any  air  they  may  contain  at 
this  period  is,  for  the  most  part,  held  in  solution.  Completed  cells 
may  still  be  filled  with  liquid,  or  with  air,  or  with  solid  matter  only. 
The  liquid  contents  of  the  vegetable  tissues,  of  whatever  nature  or 
complexity,  are  generally  spoken  of  under  the  common  and  s(Hne- 
what  vague  name  of 

79.  8tp«  In  employing  this  name  we  must  distinguish,  first. 
Crude  Sap  ;  the  liquid  which  is  imbibed  by  the  roots  and  carried 
upwards  through  the  stem.  This  is  water,  impregnated  with  certain 
gaseous  matters  derived  from  the  air,  and  with  a  minute  portion  of 
earthy  matter  dissolved  from  the  soiL  It  is  therefore  inorganic  (12). 
But,  as  it  enters  the  roots  and  traverses  the  cells  in  its  ascent,  it 
mingles  with  the  liquid  or  soluble  assimilated  matters  which  these 
contain,  so  that  unmixed  crude  sap  is  never  met  with  in  the  plant. 
On  reaching  the  leaves,  a  part  of  the  inorganic  materials  of  the 
ascending  si^  are  transformed,  under  the  influence  of  light,  into 
organizable  or  assimilated  matter ;  and  the  liquid,  thus  charged  with 
Uie  prepared  materials  of  growth,  is  now  £tABORATED  Sap.  The 
nutritive  matter  of  the  elaborated  sap  is  of  two  general  kinds: 
1.  The  tematy,  which  consists  of  only  the  three  elements,  carbon, 
hydrogen,  and  oxygen;' and  2.  The  quaternary ^  which  consists  of 
lour  elements,  viz.  of  nitrogen  in  addition  to  those  just  mentioned. 
Sugar  and  dextrine^  or  dissolved  starch,  are  representatives  of  the 
first  class ;  and  these  have  nearly  the  same  chemical  composition  as 
cellulose  or  cell-membrane.  Protflplaxm  or  proteine  represents  the 
second  class  (27). 

80.  Sogar  (of  which  there  are  two  distinct  kinds,  Cane  and  Grape 
Sugar)  is  the  most  soluUe  form  of  ternary  organizable  matter. 
Though  sometimes  crystallized  as  an  excretion  in  the  nectaries  of 
flowers,  yet  in  the  plant  it  exists  only  in  solution.  It  abounds  in 
growing  parts,  in  many  stems  just  before  flowering,  as  those  of  the 
Sugar-cane,  Maize,  Maple,  &C.,  in  pulpy  fruits,  and  in  seeds  when 
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ihej  germinate;  and  is  the  appropriate  prepared  material  for  tiie 
plant's  nourishment  and  growth.  Dextrine  is  a  eubstanoe  inter? 
mediate  in  nature  between  sugar  and  starch. 

81.  Starch  {Farimxy  Fecula)  is  one  of  the  most  important  and 
universal  of  the  contents  of  cells,  in  which  it  is  often  accumulated 
in  great  quantitj,  so  as  to  fill  them  completely  (Fig.  70) ;  as  in 

fiurinaceoos  roots^ 
seeds,  &c  It  oo* 
curs  in  the  pa* 
renchjma  of  al* 
most  ererj  part 
of  the  plant,  ex- 
•  *  cepting  the   epi-^ 

dermis :  but  while  dilorophyll  is  nearlj  restricted  to  the  superficial 
parts,  dh-ectlj  exposed  to  the  light,  starch  is  most  abundant  in  inter- 
nal or  subterranean  parts,  concealed  £^em  the  light,  as  in  roots  and 
tubers,  the  pith  of  stems,  and  seeds.  Starch  consists  of  transparent 
oval  or  rounded  grains,  sometimes  becoming  angular  bj  mutual 
pressure,  as  in  rice.  The  size  of  the  grains  varies  extremelj  in 
different  plants,  and  even  in  the  same  cell ;  as  in  the  potato^  where 
the  larger  grains  measure  from  -^^jj  to  -^v  of  an  inch  in  tiieir  larger 
diameter,  but  the  smallest  onlj  f^jf  of  an  inch.  In  wheat-fiour  the 
larger  grains  are  ^^  to  ^^  of  an  inch  in  diameter.  And  the 
largest  starch-grains  known  are  ^^  of  an  indi  long.  Indeed,  from 
their  formation,  we  might  expect  that  their  bulk  would  vary  con- 
siderably. The  mode  of  their  formation  is  indicated  by  the  peculiar 
markings,  by  which  miDst  starch-grains  may  be  recognized ;  namely, 
by  the  dot  or  darker  point  which  is  seen  commonly  near  one  end  of 
the  grfun,  and  the  fine  concentric  lines  drawn  around  it.  These  are 
best  seen  in  starch  from  the  potato,  one  <^  the  most  characteristic 
forms  and  easiest  to  be  examined,  under  a  magnifying  power  of 
from  250  to  500  diameters  (Fig.  69).  The  chemical  composition 
of  starch  is  exactly  the  same  as  that  of  cellulose  (27) ;  and  the 
grains  are  solid  throughout,  but  their  interior  usually  softer  or  more 
gelatinous.  The  lines  evidently  show  that  stardi-grains  consbt  of 
concentric  layers,  of  different  density,  successively  deposited  on  an 

no.  09.  Two  eellB  of  •  potato,  with  10010  eontaiiMd  itenli-gnteA,  hlghlj  mgnillod ;  om 
of  tho  edte  eoBtehifl  a  ftw  enbical  crTstalB  alfo. 

no  70.  A  minnte  portion  of  Indiaa  meal,  stroDglj  magnified ;  the  cell*  absolatelj  filial 
with  grains  of  starch. 
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original  nucleus.  The  layers  are  commonlj  much  thicker  on  one 
side  than  the  other,  so  that  the  dot  or  nucleus,  whidi  all  the  lines 
surround,  becomes  veiy  eccentric  Starch-grams  lie  loose  in  the 
cell  where  thej  are  formed,  and  are  usualty  separate  and  simple. 
But  occasionailj  two  or  more  small  grains  are  combined  by  new 
layers  into  one,  and  in  some  plants  they  are  regularly  united  into  a 
cluster  or  compound  grain,  as  in  West-India  Arrowroot,  the  corms 
of  Colchicum  and  Arum,  and  the  rootstocks  of  the  Water-Lily 
(Nymphaea)  and  Water-Shield  (Brasenia).  In  the  latter  the  grains 
are  oblong  or  club-shaped,  and  remarkably  large.  Starch-grains  are 
nearly  uniform  in  the  same  plant  or  organ,  and  of  very  different 
appearance  in  different  plants:  so  that  the  smallest  quantity  of 
starch  from  the  potato,  wheat,  rice,  maize,  arrow-root,  &c.,  may  at 
once  be  distinguished  under  the  microscope.  In  this  way  adultera- 
tions of  arrow-root,  ^bc.  may  be  detected.  The  outer  layers  of 
large  and  well-devebped  starch-grains  (such  as  those  of  the  potato) 
are  denser  than  the  inner:  consequently,  each  grain  is  marked  by  a 
dark  cross  when  riewed  by  polarized  light.  Starch  is  unaffected 
by  cold  water ;  but  hot  water  is  absorbed  by  it ;  the  inner  part  of 
the  grain  softens  first  and  swells,  inflating  the  denser  superficial 
portion  into  a  large  sac,  which  may  at  length  burst  or  be  dissolved. 
It  thus  forms  a  jelly  with  boiling  water,  but  is  not  really  soluble  in 
it  When  truly  dissolved,  it  is  no  longer  starch,  but,  by  a  slight 
change  in  its  character,  it  is  changed  into  dextrine  (80).  The 
chemical  test  of  starch  is  iodine,  which  turns  it  blue. 

82.  Starch  is  the  form  in  which  nourishing  nmtter  is  stored  up  in 
the  plant  for  future  use ;  in  which  respect  it  may  be  likened  to  the 
fat  of  annuals.  It  is  the  ready-prepared  material  of  vegetable  fabric, 
—  the  same  as  cellulose  in  a  particular  and  more  soluble  form,  — 
accumulated  in  the  cells  of  certain  parts  as  a  provision  for  future 
growth.  When  about  to  be  used,  the  grains  are  dissolved  in  the 
plant  at  the  natural  temperature ;  that  is,  the  starch  is  converted  into 
dextrine,  which  differs  chiefly  in  being  soluble  in  cold  water,  and  this 
changes  into  sugar,  which  is  still  more  soluble ;  and  thus  a  sirup  is 
formed,  which  the  si^  dilutes  and  conveys  to  the  adjacent  parts,  or 
to  wherever  growth  is  going  on. 

83.  imyloid  (of  which  Bassortn,  Salep,  and  Pectine  are  apparently 
modifications),  which  in  solution  is  Vegetable  Jelly,  is  intermediate  in 
character  between  starch,  dextrine,  and  cellulose,  and  has  nearly  the 
properties  of  starch,  when  this  has  been  altered  by  hot  water.     It 
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abounds  in  the  almond,  bean,  and  some  other  esculent  seeds,  in  the 
tubers  of  Orchises  (as  Salep,  &c.),  and  forms  the  principal  substance 
of  many  sea-weeds,  such  as  the  Carragheen  Moss  (Chondnis  crispus), 
from  which  jelly  is  obtained  for  culinary  purposes.  When  dry,  it  is 
homy  or  cartilaginous,  and  lines  the  cells;  when  moist,  it  swells 
up,  becomes  gelatinous,  and  is  capable  of  being  perfectly  diffused 
tlirough  cold  water.  We  have  it  as  an  excretion  in  Gum  Traga- 
conth.  True  gums,  such  as  Gum  Arabic,  are  states  of  nearly  the 
same  substance,  and  are  likewise  formed  only  as  excretions. 

84.  Fixed  Oils  belong  to  the  class  of  ternary  products,  but  they 
contain  little  oxygen,  and  some  of  them  none  at  alL  The  fatty  oils 
take  tlie  place  of  starch  in  the  seeds  of  many  plants  (as  in  flax-seed, 
walnuts,  &C.),  and  of  sugar  in  some  fruits,  such  as  the  olive.  They 
al^o  occur  in  the  herbage  of  most  plants. 

85.^  Wax  is  a  product  of  nearly  the  same  nature  as  the  fixed  oils, 
only  it  is  solid  at  the  ordinary  temperature.  It  occurs  as  an  excre- 
tion, particularly  on  the  surface  of  leaves  and  fruits,  forming  the 
bloom  or  glaucous  surface  which  repels  water,  and  so  prevents  such 
surfaces  from  being  wetted.  It  forms  a  thick  coating  on  some  fruits, 
as  the  bayberry.  Wax  also  exists  in  all  herbage,  being  one  of  the 
components  of  the  green  matter  of  plants  (92). 

86.  Vegetable  Aeidl.  Tartaric,  OUricy  and  Malic  Acids  are  the 
principal  kinds ;  they  are  found  in  the  herbage  of  those  plants  which 
have  a  sour  juice,  such  as  Sorrel  and  the  Grape-Vine.  They  are 
ternary  products,  with  a  larger  proportion  of  oxygen  than  starch, 
sugar,  and  the  like.  They  do  not  appear  to  play  any  leading  part 
in  vegetation.  They  seldom  exist  in  a  free  state,  but  are  combined 
with  the  alkaloids,  and  with  the  inorganic  or  earthy  alkalies  (Potash, 
Soda,  Lime,  and  Magnesia),  which  are  introduced  into  plants  from 
the  soil  with  the  water  imbibed  by  the  roots.  The  more  soluble 
t:alts  thus  produced  are  found  dissolved  in  the  sap ;  the  more  insolu- 
ble are  frequently  deposited  in  the  cells,  either  as  an  incrustation  of 
their  walls,  or  in  the  form  of  minute  crystals.  Wlien  these  crystals 
contain  a  vegetable  acid,  it  is  almost  always  Oxalic  AcicL  This  is 
an  almost  universal  vegetable  product,  and  is  a  binary  body  (that  is, 
consists  of  two  elements  only,  carbon  and  oxygen),  differing  from 
carbonic  acid  in  ultimate  composition  only  in  having  a  little  more 
oxygen.  Hydrocyanic  or  Pntssic  Acid  is  one  of  the  special  pro- 
duets  peculiar  to  certain  plants,  and  of  very  diflerent  composition, 
containing  a  large  portion  of  nitrogen. 
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87.  TanBin  or  Ttiuic  leidi  which  most  abounds  in  older  bark,  is 
probably  a  product  of  the  oxidation  or  commencing  decomposition 
of  the  tissues.  So,  also,  lAimuSf  Humio  Aetdy  Ulmxne^  Ulmic  Actdj 
and  the  numerous  related  substances  distinguished  by  the  chemists, 
are  products  of  further  decomposition  of  vegetable  tissue,  rather 
than  true  products  of  vegetation. 

88.  Essmtial  Oik,  TorpcDtioe,  Caootehoiie,  fte.    These  are  some  of 

the  Proper  Juices  of  plants,  peculiar  to  certain  plants,  and  occurring 
under  a  great  variety  of  forms  in  different  species.  It  is  not  known 
that  they  are  of  any  account  in  vegetable  growth  or  nutrition.  They 
undergo  changes  on  exposure  to  the  air,  and  become  resins,  gums, 
&e*  They  are  apt  to  be  accumulated  in  intercellular  cavities,  or  to 
be  excreted  from  the  surface  of  the  plant  Not  knowing  of  what 
use  they  are  to  the  vegetable,  we  are  inclined  to  regard  them  as  of 
the  nature  of  excretions.  Caoutchouc  exists  in  the  form  of  minute 
globules,  difiused  as  an  emulsion  in  the  milky  juice  of  plants,  of 
various  families.  The  original  huUa^Ruhber  of  the  East  Indies  is 
the  milky  juice  of  a  species  of  Fig.  That  of  South  America,  now 
80  largely  used  for  a  great  variety  of  purposes,  comes  from  certain 
trees  of  the  Euphorbia  family.  It  equally  occurs  in  the  juice  of  our 
Milkweeds  or  Silkweeds.  Gutta-Percha  is  a  similar  product  of  the 
milky  juice  of  a  Sapotaceous  tree  of  Bomea 

89.  The  quaternary  dass  of  products  (viz.  those  which  consist  of 
the  four  elements,  carbon,  hydrogen,  oxygen,  and  nitrogen,  79)  are 
of  two  kinds,  the  special  and  the  generoL  The  former  are  peculiar 
to  certain  plants ;  the  latter  are  universal  products  of  vegetation. 
Examples  of  the  special  kind  are  found  in  Hydrocyanic  or  Prussic 
Acid,  already  mentioned  (86),  and  the 

90.  Alkftloids,  such  as  Morphine,  Strychnine,  and  Quinine.  These 
are  principally  formed  in  the  bark  and  the  leaves.  We  do  not  know 
that  they  bear  any  part  in  vegetation,  nor  of  what  use  they  are  to 
the  plant.  In  these  substances  reside  the  most  energetic  properties 
of  the  v^etable,  considered  as  to  its  action  on  the  animal  economy, 
the  most  powerful  medicines,  and  the  most  virulent  poisons.  That 
they  are  of  the  nature  of  excretions  may  be  inferred  from  the  fact, 
that  a  plant  may  be  poisoned  by  its  own  products,  introduced  into  its 
ascending  sap. 

91.  The  principal  general  quaternary  product  of  plants  is  Pro- 
ieine,  the  nature  and  uses  of  which  have  already  been  explained 
(27,  79).     As  it  exists  in  living  cells  in  a  liquid  or  gelatinous 
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state,  il  receives  the  name  of  pratopbum*  Besides  lining  the  walls 
of  living  cells  and  fommig  the  nucleus,  it  is  also  a  component  of  one 
o£  the  most  important  vegetable  products,  viz. 

92.  Chlorophyll,  or,  as  the  name  denotes,  Leaf-green,  the  substance 
whioh  gives  the  universal  green  color  to  the  leaves  and  herbage. 
This  is  formed  principally  in  parts  exposed  to  the  light,  such  as  the 
green  bark,  and  especially  the  leaves.  It  generally  occurs  in  the 
fonn  of  minute  soft  granules,  either  separate  <Mr  in  clusters,  which 
lie  free  in  the  ceUs  (Fig.  71),  or  adhere  loosely  to  their  sides.  In 
some  common  Confervas  the  chlorophyll  takes  the  form  of  rows  of 
granules,  or  of  continuous  bands,  often  spiral  in  form.  The  exact 
composition  of  chlorophyll  is  still  unknown.  The  green  coloring 
matter  makes  only  a  small  part  of  the  bulk  of  the  grains.  It  may 
be  dissolved  out  by  alcohol  or  ether,  leaving  a  colorless  mass,  which, 
as  it  is  turned  yellow  by  iodine,  evidently  contains  nitrogen.  The 
green  matter  is  found  to  consist  partly  of  wax,  and  partly  of  a  pecu- 
liar quaternary  substance  allied  to  indigo. 

93.  Earthy  Inemstations.  As  the  roots  naturally  take  in  some 
earthy  matters,  dissolved  in  the  water  they  absorb  from  the  soil, 
these  necessarily  accumulate  in  the  cells  of  the  plant.  The  siliceous 
and  calcareous  matters,  being  very  sparingly  soluble,  are  usually 
dieposited  on  the  walls  of  the  cells  as  an  incrusting  lining,  or  else 
are  incorporated  into  its  substance  along  with  the  organic  thickening 
deposit  (41).  This  earthy  p^*t  of  vegetable  fabric  may  be  brought 
to  view  by  carefully  burning  a  piece  of  a  leaf  or  any  other  organ,  — 
which  decomposes  and  drives  off  all  the  vegetable  matter,  —  and  then 
examining  the  ashes  by  the  microscope.  These  are  mineral  matter, 
and  when  undisturbed  they  will  be  found  to  have  copied  the  shape 
and  all  the  minute  markings  of  the  cells,  like  casts.  In  the  Dlato- 
macese,  —  a  family  of  microscopic  and  ambiguous  plants  of  the  sim- 
plest structure, — a  great  part  of  the  thickness  of  the  cell-wall  is 
silex,  and  consequently  indestructible  by  decay.  So  that  the  forms 
of  these  minute  organisms  are  preserved  indefinitely,  after  the  de- 
composition of  the  organic  structure ;  their  silicious  remains  accu- 
mulating at  the  bottom  of  the  water  in  which  they  lived,  to  such 
extent  as  to  produce  immense  strata  in  many  places,  their  forms  and 
markings  so  perfectly  preserved  for  ages  that  the  species  may  be 
nearly  as  well  characterized  from  these  casts  as  fiom  living  indi- 
viduals. Earthy  matters  also  occur  in  the  cells  of  plants  in  the 
form  of  microscopic 
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94.  trjlbdl,  %f  IqihiflM  (Fig.  71-78).  These  exist  in  more  or 
kfls  almndanee  in  almost  eveiy  plant,  especially  in  the  cells  of  the 
bark  and  leaves,  as  well  as  in  the  wood  and  pith  of  herbaceous 
I^aiits.  In  an  old  stem  of  the  Old-man  Cactus  (Cereus  senilis),  the 
enormous  quantity  of  eighty  per  cent  of  the  solid  matter  lefl  afier 
the  water  was  driven  off  was  found  to  consist  of  these  crystals.  In 
the  thin  inner  layers  of  the  bark  of  the  Locust,  each  cell  contains  a 
single  crystal,  as  is  shown  in  Fig.  75.  Professor  Bailey,  who  has  de- 
voted particular  attention  to  this  subject,  computed  that,  in  a  square 
inch  of  a  piece  of  Locust-bark,  no  thicker  than  ordinary  writing-paper, 
there  are  more  than  a  million  and  a  half  of  these  crystals.  There 
is  frequently  a  group  of  separate  crystals  in  the  same  cell,  or  a  con* 
glomerate  cluster,  as  in  Fig.  76.  The  most  common  fwm  is  that 
of  a  long  and  narrow  four-sided  prism,  so  slender  that  it  resembles 
a  needle  (Fig.  71-73).  Such  crystals  were  accordingly  called 
Rapkide$j  i.  e.  needle-shaped  bodies, — a  name  which  has  been  ex- 
tended to  include  all  crystals  in  plants,  of  whatever  shape.  When 
the  cr3rsta]s  are  needle-shaped,  they  usually  occur  in  large  numbers 
in  each  crystal-bearing  ceU,  packed  together  in  a  bundle.    These 


FIO.  71.  BaphIdM,oraeiealarer7tta]s,  fhmttM  fftelkorthe  Rhobftrb:  thxwof  theee^ 
eootoln  ehknophytl,  and  two  of  them  nphides. 

Yie.  7X  BftphldM  of  Ml  Amm,  eontyned  In  «  targe  eell ;  sad  78,  Um  mam^  delaobod  from 
tbm  Miroandlog  tianw,  and  diaehargiog  its  eontentt  upon  the  application  of  water. 

FIG.  74.    Crystals  ftom  the  base  of  an  oolon,  one  of  them  a  bemitrepe  or  double. 

no.  75.    Crystata  of  the  Inner  bark  of  the  Loeust. 

YI6.  76.    A  flomemte  mass  of  erystals  from  the  Beet-root. 

FIG.  77,  78  Crystata  from  the  bark  of  Hickory.  Figures  78-78,  and  also  89,  are  from 
■ietchss  kkKlly  supplied  bj  the  late  Professor  BaUey  of  West  Point. 
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may  be  readily  found  in  the  stalks  of  the  Rhubarb,  the  Four-o'dod^ 
the  Arum  or  Indian  Turnip,  and  the  Calla*  In  the  latter  plants,  a 
crystal-bearing  cell  in  the  leaf  may  often  be  detached  entire  from 
the  surrounding  tissue :  when  moistened,  it  absorbs  water  by  endo»« 
mosis,  becomes  distended,  and  may  sometimes  be  seen  to  eject  its 
crystals  one  by  one,  in  a  curious  manner,  through  a  minute  perfora^ 
tion  at  one  or  both  ends  (Fig.  73).  As  to  their  composition,  these 
crystals  more  commonly  consist  of  oxalate  of  lime ;  but  those  of  car^ 
bonate,  sulphate,  or  phosphate  of  lime  are  not  unfrequenL 

95,  Gfltelithei  are  a  peculiar  structure  composed  of  crystalline 
mineral  and  of  v^^etable  matter  combined,  of  common  occurrence  ia 
the  leaves  of  the  Fig,  Hop,  Mulberry,  and  all  the  Nettle  family, 
just  beneath  the  epidermis.  They  are  globular  or  club-shaped 
bodies,  or  of  various  other  forms,  usually  hanging  by  a  short  stalk 
in  an  enlarged  cell:  their  principal  mass  is  found  to  be  cellulose; 
but  their  surface  is  studded  with  crystalline  points  of  carbonate  of 
lime. 


CHAPTER    II. 

OF  THE  GENERAL  DEVELOPMENT  AND  MOBPHOLOOT  OF  PLANTS. 

96.  Haying  ascertained  what  vegetable  fabric  consists  of,  we  are 
prepared  to  consider  how  these  organic  materials,  the  ceUsy  are  com- 
bined to  constitute  a  vegetable,  what  the  parts  or  organs  of  plants 
are,  how  they  are  related  to  each  other,  and  how  they  live,  grow, 
and  perform  the  work  of  vegetation.  Viewing  plants  as  individual 
beings,  we  may  now  proceed  to  study  their  Organography  ot  Mor^ 
phology  (3). 

97.  Plants  occur  under  the  greatest  diversity  of  forms.  Some 
kinds  are  of  the  utmost  simplicity ;  and  many  of  these  are  so  minute, 
that  separately  they  are  invisible  to  the  naked  eye,  and  become 
apparent  only  by  their  aggregation  in  vast  numbers.  Others  are 
highly  complex  in  structure,  and  may  attain  a  great  size,  such  as 
gigantic  trees,  some  of  which  have  flourished  for  a  thousand  years 
or  more.  But  each  plant  or  tree,  however  vast  or  complex  it  may 
become,  commenced  its  existence  as  a  single  vegetable  cell,  by  the 
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imiltiplkatkm  of  wfaich  the  whole  fabric  was  built  up.  All  our  or- 
dinary herbs  and  trees,  however,  even  while  in  the  seed,  have  alread j 
passed  beyond  this  stage,  and  consist  at  this  time  of  a  mass  of  cells, 
more  or  less  distinctly  wrought  into  the  form  of  a  plantlet ;  while 
the  germs  of  plants  of  a  lower  grade,  at  the  time  of  their  separation 
from  the  parent  plant,  are  each  no  more  than  a  single  cell.  Cells  of 
this  kind,  destined  to  give  rise  to  new  individuals  (i.  e.  for  reproduc- 
tion), are  called  Spores.  The  name  tpcre  is  from  a  Grreek  word, 
meaning  the  same  as  seed. 

98.  Plants  may  be  distinguished,  therefore,  into  two  great  Series 
or  GradeMy  a  lower  and  a  higher;^ — the  lower  or  simpler  grade  con- 
sisting a^  those  plants  which  directly  spring  from  single  cells  or 
spores ;  the  higher  grade,  of  those  which  sjnring  fixim  seeds. 


Sect.  L    Plants  of  the  Lower  Grade;  their  Deyelop- 

MENT  FROM  THE   CeLL. 

99.  This  grade  includes  the  simplest  and  minutest  plants,  and 
also  many  which  attain  a  great  size,  and  exhibit  no  small  complexity 
of  structure,  such  as  Tree  Ferns  (Fig.  100),  for  instance.  The 
very  lowest  kinds  not  only  begin  their  existence  as  single  cells,  but 
continue  so  throughout  their  whole  growth.  The  most  simple  possi- 
bte  form  of  vegetation  therefore  consists  of 

100.  Pltntt  of  a  Single  Cell.  In  these  mimms  of  the  vegetable 
world,  the  plant  is  reduced  to  its  lowest  terms :  the  pUnU  and  the 
ctM  are  here  identicaL  The  cell  constitutes  an  entire  vegeUMe  with' 
cut  wrganMy  imbibing  its  food  by  endosmosis  (40)  through  its  walls, 
assimilating  this  food  in  its  interior,  and  converting  the  organizable 
products  at  first  into  the  materials  of  its  own  enlargement  or  growth, 
and  finally  into  new  cells,  which  constitute  its  progeny.  Thus  we 
have  an  epitome  of  all  that  is  essential  in  vegetation,  even  on  the 
largest  scale ;  namely,  the  imhihition  of  inorganic  materials  ;  their 
a$9imilation ;  their  application  to  the  growth  of  the  individual,  or 
nutrition;  and  the  formation  of  new  individuals,  or  reproduction. 
Every  stream  or  pool  of  water  abounds  with  such  plants,  often  in 
great  variety.  Simple  as  these  plants  are,  they  are  by  no  means 
restricted  to  one  monotonous  pattern :  perhaps  they  present  as  great 
diversity  of  fi>rm  as  do  the  kinds  of  ordinary  vegetation,  although 
from  their  minuteness  they  are  mostly  invisible  to  the  naked  eye. 
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The  admitable  memoirs  of  Nigeli  and  of  Bnmn  upon  One-celled 
Plants,  and  the  woiks  of  Balfs,  Kutcing,  Thwaites,  &c  upon  the 
Desmidiaces  and  Diatomaoeee^  illustrate  a  great  variety  of  forms. 
The  simplest  possible  case  is  that  of 

^  at        n  ^^^-  i%m«f  of  a  Single  GMuiar  CeU; 

that  is,  of  a  cell  which  grows  equally  in 
eyery  direction,  and  therefore  retains  the 
original  form.  T^  microscopic  plant 
known  as  giving  rise  to  the  phenomenon 
of  red  tnow  furnishes  a  good  illustration 
of  the  kind  (Fig.  79,  80) :  and  so  does  a 
*  *  more  common  species,  Protococcus  cru- 

entus,  which  forms  dull-crims<m  patches,  res^nbling  blood-stains,  on 
the  northern  side  of  damp  rocks  or  old  waUs.  Each  sphere  is  a 
single  cell,  which,  quickly  attaining  its  growth,  produces  (probably 
by  division  of  the  contents)  a  number  of  free  cells  in  its  interior. 
These  escape  by  the  decay  of  .the  walls  of  the  mother-cell,  grow 
speedily  into  similar  cells  or  plants  themselves,  giving  rise  to  another 
generation,  and  perish  in  their  turn.  Fig.  81  represents  another 
and  similar  one-celled  plant ;  and  Fig.  82  and  83  show  its  mode  of 
propagation,  namely,  by  division  of  the  whole  living  contents  into 
two  portions,  and  these  agun  into  two,  these  ^Mir  globular  masses 
soon  acquiring  a  wall  of  cellulose,  and  becoming  so  many  distinct 
cells  or  plants;  —  the  whole  process  admiraUy  illustrating  a  com- 
mon mode  of  cell-multiplication  (36).  Indeed,  another  microscopic 
plant  of  the  kind,  very  common  in  shallow  po(^  at  the  beginning  of 
«pring,  was  taken  as  the  readiest  example  of  this  multiplication  of 
ceUs  (Fig.  18-22).  This  prc^Migation  causes  the  destiliction  of  the 
mother-plant  in  each  generation,  all  its  living  contents  being  em- 
ployed in  the  formation  of  the  progeny,  and  its  effete  wall  obliter- 
ated by  softening  or  decay,  and  by  the  enlargement  of  the  contained 
cells.  Thus  the  simplest  vegetation  goes  on,  from  generation  to 
generation.  The  soflened  remains  of  the  older  cells  often  accumu- 
late and  form  a  gelatinous  stratum  or  nidus,  in  which  the  succeeding 
generations  are  developed,  and  from  which  they  doubtless  derive  a 

FIO.  79.  Sereral  indiTidtula  of  the  Red-Snow  Plant  (Protooooeiu  nivatli)  magnified.  80. 
An  individoal  highly  magnified,  showing  more  distinctly  tiie  new  eeUa  or  spone  Ibnned  with- 
in It. 

FIO.  81.    An  indlTldnal  of  Chroococcus  raCBtoens,  after  N&gell,  mneh  magnified.    81.  ▲ 
more  advaneed  IndlTldnal,  with  the  contents  forming  two  new  cells  by  dirision.    88.  . 
vtth  theoontants  diTided  Into  fbor  new  cells. 
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part  of  their  sustenaaoe, — just  as  a  tafted  Mom  is  nourished  in  part 
from  the  underljriog  bed  of  vegetable  mould  which  is  formed  of  the 
decayed  remains  of  its  earlier  growth.  Other  one-celled  plants 
enlarge  in  one  direction  more  than  in  any  other,  bo  beccnning  oval 
or  obkmg,  and  making  a  transition  to  a  somewhat  higher  grade  of 
vegetation,  vix. 

102.  Plants  of  a  Single  Elongated  CeU.  Such  plants  may  be  con- 
ceived to  bear  the  same  rdation  to  the  foregoing,  that  ducts  (57) 
and  wood-cells  (53)  do  to  cells  of  parenchyma  (51),  For  an  ex- 
ample we  may  take  any  species  of  Osdllaria 

(Fig.  84) ;  a  form  <^  aquatic  vegetation  of  mi- 
croscopic minuteness,  considered  as  to  the  size 
of  the  individuals ;  but  these  rapidly  multiply 
in  such  inconceivable  numbers,  that,  at  certain 
seasons,  they  sometimes  color  the  surface  of 
whole  lakes  of  a  green  hue,  as  suddenly  as 
broad  tracts  of  alpine  or  arctic  snow  are  red- 
dened by  the  Red-Snow  Plant  If  the  trans- 
verse markings  of  some  Oscillarias  answer  to 
internal  partitions,  then  they  make  a  transition 
between  one-celled  plants  and  those  formed  of 
a  row  of  cells.  —  Since  cells  which  form  part  of 
the  fabric  of  vegetables  are  sometimes  branched 
(38),  we  should  naturally  expect  to  find,  as  the  ^ 

next  step  in  the  development, 

103.  Plants  of  an  JElongated  and  Branching  (M.  Good  ex. 
amples  of  the  sort  are  furnished  by  the  species  of  Vaucheria,  which 
form  one  kind  of  the  delicate  and  flossy  green  threads  abounding  in 
fresh  waters,  and  known  in  some  pbces  by  the  name  of  Brooh-silk, 
These,  under  the  magnifying-glass,  are  seen  to  be  single  cells,  of 
unbroken  calibre,  furnished  here  and  there  with  branches  (Fig.  89). 
The  branches  are  protrusions,  or  new  grovring  points,  which  shoot 
forth  by  a  sort  of  budding,  and  have  the  power  of  continuous  growth 
from  the  apex.  In  Bryopsis  (Fig.  91),  a  beautiful  small  Seap>weed, 
the  branches  are  much  more  numerous  and  regularly  arranged; 
their  cavity  is  continuous  with  that  of  the  main  stem,  if  we  may 
so  call  it :  in  other  words,  the  whole  plant,  which  is  by  no  means 
minute,  consists  of  a  single,  repeatedly  many-branched  celL  And 
in  Codium,  another  genus  of  marine  Algae,  we  have  an  indefinttely 

no.  SI.    Two  IndiTldaAlt  ofOfcUkiU  splzmlii,  BMgnlAtd}  om  vitti  an  •ztnoiity  eoi  oft 
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ramified  cell,  intricately  interlaced  or  compacted,  and  forming  dense 
masses  cf£  considerate  size  and  of  definite  shapes. 


•8  Bi  tt 

104.  While  in  these  cases  the  ramifications  of  the  cell  imitate,  ot 
as  it  were  foreshadow,  the  stem  and  branches  of  higher  organized 
plants,  we  have  in  Botrydium  (Fig.  88)  a  cell  whose  ramifications 
resemble  and  perform  the  functions  of  a  root  This  consists  of  an 
enlarged  cell,  which  elongates  and  ramifies  downwards,  the  slender 
branches  penetrating  the  loose  and  damp  soil  on  which  the  plant  grows, 
exactly  in  the  manner  of  a  subdivided  root  Meanwhile,  a  crop  of 
spores  or  rudimentary  new  cells  is  produced,  by  original  cell-forma- 
tion (29),  in  the  liquid  contents  of  the  mother-cell :  these,  escaping 
when  that  decays  or  bursts,  grow  into  similar  plants,  in  the  manner 
shown  by  Fig.  86, 87.  The  spores  by  which  Vaucheria  is  propagated 
originate  in  a  somewhat  different  way.  When  about  to  fructify,  the 
apex  of  a  branch  enlarges,  its  green  contents  thicken,  separate  from 
those  below,  condense  into  a  rounded  mass,  which  acquires  a  coat  of 
protoplasm  (Fig.  89,  a) :  the  sac  in  which  it  was  formed  soon  bursts 
open,  and  the  new-bom  spore  escapes  into  the  water  (Fig.  90).  It 
moves  about  freely  for  some  hours  (678),  when  a  coat  of  cellulose  is 
formed  upon  its  surface,  converting  it  into  a  true  cell,  which  soon 

FIG.  86  -  87.  Botrydiom  WiUrotbil  In  its  d«Te1opin«nt,  and  with  mw  oellf  fbnnhig  iHthlB ; 
•fter  KUtitog:  85.  theceU  still  aph«rical:  86,  pdntiog  intoa  tub«  below:  87,  Um  tub*  pro- 
loDgwi  and  branched :  all  mach  magnified. 

yiG.  88.    Botrydium  argillaoeom,  after  Endllcher ;  the  ftall-frown  plant,  magnified. 

VIO.  80.  Vaaclieria  clarate,  enlarged :  a,  a  spore  ftmned  in  the  enlarged  apex  of  tbal 
bimneli.    90.  Knd  of  the  branch,  more  magnified,  with  the  spore  eiicaped  fVom  the  burst  apex. 

no.  9L    Diyopeis  plumosa ;  summit  of  a  stem  with  iU  braoehlets,  much  enlarged. 
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grows  by  elongating  into  a  thread,  one  end  of  whidi  fixes  itself  to  a 
stone  or  some  other  ^lid  bodj,  while  the  other  grows  first  mto  a 
simple  tube,  and  then  sends  off  branches  like  its  parent  In  this 
way,  a  plant  composed  of  a  single  cell  imitates  not  obscurely  the 
upward  and  downward  growth  (the  root  and  the  stem)  of  the  more 
perfect  plants,  or  when  cells  like  these,  whether  simple  or  branched, 
form  cross-partitions  as  they  grow,  in  the  manner  of  the  Conferva 
(Fig.  15)  used  to  illustrate  this  mode  of  cell-multiplication,  they  give 
rise  to 

105.  nantl  of  a  Single  Row  of  Cells,  Most  of  the  thread-like  green 
Algse  (Conferveae),  which  abound  in  pools  and  brooks,  ore  of  this 
sort.  So  are  the 
Moulds  or  MOdew 
Fungi,  cf£  which 
three  kinds  are  here 
represented ;  viz. 
the  Bread-Mould 
(Fig.  92),  and 
the  Cheese-Mould 
(Fig.  93),  wMch 
live  upon  dead  or- 
ganic matter;  and 
a  species  of  Botrytis  (Fig.  94).  The  latter,  and  other  Moulds  <^ 
the  same  or  of  other  kinds,  feed  upon  the  juices  of  living  plants,  and 
even  animals,  where  they  commit  great  ravages.  The  too  well- 
known  potato-disease,  for  example,  is  probably  caused  by  the  attack 
of  a  species  <^  Botrytis ;  a  similar  species  has  long  been  known  as 
the  cause  of  the  muscardine,  a  fatal  malady  of  silk-worms,  and  the 
malady  which  has  for  several  years  destroyed  a  great  part  of  the 
grape-cn^  in  Europe  is  caused  by  another  parage  plant  of  the 
same  simple  structure.  The  accompanying  figures  show  only  the 
perfect  state  of  these  troublesome  little  plants,  or  rather  their  fructi- 
fication. Their  vegetation  consists  of  long  and  branching  threads 
(of  which  a  small  portion  only  is  represented  at  the  base),  which 
penetrate  and  spread  widely  and  rapidly  through  the  vegetable,  or 
other  body  they  live  on,  and  feed  upon  its  juices^  At  length  they 
break  out  upon  the   surface,  and  produce  countless  numbers  of 

no.  93 -M.  ThvM  kinds  of  Mould,  magoillmL  93.  Th«  Brmd-Moold  (Mooor,  or  Aaoo- 
phon).  98.  TiM  dMCMMoold  (AapergUlus  fiaooiu).  94.  Botrjtk  BaMfam,  Um  spMiM 
whkli  ftitedu  aUk-wonaa,  kc 
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8poi*es  (97),  or  minute  rudimentaiy  cells,  which  are  detached  fiom 
the  parent  plant  and  serve  the  purpose  of  seeds.  The  spores  are 
in  some  case«  produced  (probably  bj  original  cell-formation),  in  an 
enlai^ged  terminal  cell,  as  in  the  Bread-Mould  (Fig.  92y ;  w'nile  in 
other  cases  they  are  naked,  and  arise  from  celi-division,  as  in  Fig. 
93,  94. 

106.  Plants  of  this  simple  structure  (belonging  chiefly  to  the 
lower  Algse  and  Fungi)  are  almost  as  various  in  form  and  numerous 
in  species  as  are  the  higher  kinds  of  vegetation.  Some  consist  of  a 
single  jointed  thread;  others  are  excessively  branched;  and  some- 
times the  branches  are  interlaced  or  compacted  to  form  masses  or 
strata  of  considerable  size.  Some  of  them  present  little  or  no  dis- 
tinction among  the  cells  they  consist  of,  each  cell  performing  the 
same  office  as  any  other,  and  each  capable  of  producing  spores  or  in 
some  way  serving  for  reproduction ;  such  may  well  be  regarded 
as  rows  of  one-celled  plants,  more  or  less  united.  But  more  com- 
monly, even  in  the  simplest  vegetable  forms,  the  work  which  the 
plant  has  to  perform  is  divided,  some  parts  serving  for  vegetation  or 
nutrition,  and  others  for  reproduction,  as  we  see  is  the  case  with  the 
Moulds,  &C  Even  a  one-celled  plant  may  begin  td  have  organs,  or 
parts  adapted  to  special  purposes,  as  is  well  shown  by  Botrydium 
and  Vaucheria  (Fig.  85-90).  As  we  ascend  in  the  scale  of  vege- 
table life,  more  and  more  specialization  will  be  found  at  every  8tq>. 

107.  A  slight  duuige  in  the  way  the  eeUs  multiply,  namely,  the 
formation  of  partitions  in  two  directions  instead  of  only  one,  intro* 
duces  the  next  advance  in  vegetable  development,  giving  rise  to 


108.  Plants  of  a  Single  Plane  or  layer  of  Cells.    Figures  18  -  22  show 
how  a  plant  of  a  single  spherical  cell  may  multiply,  by  repeated 


FIG.  95.  A  pieee  of  D»l«M«ite  Leprlemd,  from  Uadaoa  Rifor,  of  twfee  ttie  luttonl  iHm. 
OS.  A  poitkm  of  Um  whole  brMdth  of  the  nine,  mote  megnlflod,  to  show  the  oelloUr  ttnio- 
iura.  The  cells  hare  Uikk  geUtinoas  wails ;  those  io  the  middle  ate  eloagatod,  ihoee  towaiOe 
the  maixiiu  rouadoa.    97.  A  soiall  portion  still  more  magnified. 
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division,  into  two,  foar,  and  sixteen  sncL  plants,  and  so  on.  But  if 
these  cells  had  merely  remained  in  oonnection  as  they  multiplied, 
thej  would  haye  composed  one  plant,  consisting  of  a  stratum  of  cells. 
Thb  is  just  what  we  have  in  the  Dulse  or  Laver  (Ulva,  &c)  and 
some  other  simple  leaf-like^g»  of  vayious  kinds,  such,  for  example, 
as  that  illustrated  in  Fig.  95  -  97.  When  the  whole  bodj  of  a  plant 
IS  thos  expanded  and  leaf^like,  it  forms  what  is  called  a  Froni>. 

108*.  Not  onlj  Sea-weeds,  but  many  Liverworts  and  Lichens, 
grow  in  this  way.  (In  Lichens,  ^cc^  the  expanded  body  usually 
takes  the  name  of  Thaxlus.)  In  most  cases,  however,  such  plants 
are  composed  of  more  ihaa  one  layer  of  cells,  or  of  a  considerable 
number  of  layers.  And  those  of  thread-like  forms,  resembling  naked 
stems  and  branches,  in  all  the  coarser  and  in  some  very  delicate 
kinds,  are  made  up,  like  the  parts  of  ordinary  vegetables,  of  several 
thicknesses  of  cella;  that  is,  they  are 

109.  Plants  of  I  Solid  Titsoe  of  GdlS)  formed  b^  ceU-multiplicaticm 
through  division  taking  place  in  more  than  two  directions.  Sea- 
weeck,  Lichens,  and  other  plants  of  the  lowest  orders^  forming  m 
this  way  a  tissue  of  cells,  generally  exhibit  either  leaf<4ike  or<  stem- 
like shapes,  but  seldom  if  ever  do  they  present  both  in  the  same 
plant  They  may  resemble  leaves,  or  they  may  resemble  stem  and 
branches,  or  display  a  vaHety  of  forms  intermediate  between  s|em 
and  lea£  But  it  is  only  when  we  come  to  the  highest  tribe  <^ 
Liverworts,  and  to  the  true  Mosses,  thai  the  familiar  type  of  ordinary 
vegetation  is  realized  in  .     . 

110.  Plants  with  a  Bistinct  Ixis  and  Foliage;  ih^i,  is,  ^th  a  stem 

which  shoots  upward  from  the  soil,  or  whatever  it  is  fixed  to^  or 
creeps  on  its  surface;  which  grows  onward  from  its  apex,  and  is 
synunetrically  clothed  with  distinct  leaves  as  it  advances.  All  these 
lower  vege^bles,  of  whatever  form,  imbibe  their  food  through  any 
or  every  part  of  their  surface,  at  least  of  the  freshly  formed  parts. 
Their  roots,  when  they  have  any,  are  usually  intended  to  fix  the 
plant  to  the  rock  or  soil,  rather  than  to  draw  nourishment  from  it 
The  strong  roots  of  the  Oar-weed^  DeviTs  Apron  (Laminaria),  and 
other  large  Sea-weeds  of  our  coast,  are  merely  hold-fasts,  or  cords 
expanding  into  a  disc-like  surface  at  the  extremity,  which  by  their 
adhesion  bind  these  large  marine  vegetables  firmly  to  the  rock  on 
which  they  grow.  Mosses  also  take  in  their  nourishment  through 
their  whole  expanded  surface,  principally  therefbre^  by  their  leaves; 
but  the  stems  also  shoot  forth  from  time  to  time  delicate  rootlet^ 
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composed  of  slender  cells  which  grow  in  a  downward  direction,  and 
doubtless  perform  their  part  in  absorbing  moisture.    A  Moss,  there* 

fore,  is  like  an  ordinary  herb  in  minia* 
ture,  and  exhibits  the  three  general 
Oboans  of  Vegetation,  yiz,  Booi^ 
Stemj  and  Leaves, 

111.  CdlBlir  ud  Timlar  Plants. 

While  the  Mosses  emulate  ordinary 
herbs  and  trees  in  yegetation  and  ex« 
temal  appearance,  thej  accord  with 
the  lowest  kinds  of  plants  in  the  sim- 
plicity of  their  anatomical  structure. 
They  are  entirely  composed  of  cellu* 
lar  tissue  strictly  so  caUed,  chiefly  in 
the  form  of  parenchyma  (51)  ;  at  least 
they  have  no  distinct  vessels  or  ducts 
(57)  and  no  true  wood  in  their  com-> 
position.  The  Mosses,  along  with  the 
Lichens,  Algas,  Fungi,  &C.,  were  there- 
fore  denominated  Cellular  Plants 
by  De  Candolle.  All  plants  of  higher 
grade,  inasmuch  as  vascular  jmd  woody 
tissues  enter  into  their  composition, 
»  M  when  they  are  herbs  as  well  as  when 

they  form  shrubs  or  trees,  he  distinguished  by  the  general  name  of 
Yasoular  Plants. 

112.  The  strength  which  woody  tissue  imparts  (54)  enables 
plants  in  which  it  abounds  to  attain  a  great  size  and  height ;  while 
Mosses  and  other  cellular  plants  are  of  humble  size,  except  when 
they  live  in  water,  in  which  some  of  the  coarser  Sea-weeds  do  indeed 
acquire  a  prodigious  length.  Although  true  Mosses  have  no  wood 
in  their  composition,  yet  the  so-ctdled  Gub-Mosses  have.  So  also 
have  the  Ferns,  the  highest  organized  family  of  the  lower  grade  of 
plants;  and  although  these  are  mostly  herbs,  or  else  plants  with 
their  more  or  less  woody  stems  creeping  on  or  beneath  the  surface 
of  the  ground,  yet  in  warm  climates  some  species  rise  with  woody 
trunks  into  tall  and  palm-like  trees.     But  even  these,  like  the  hum* 

FIO.  9S.  An  IndWIdaAl  of  %  Mom  (Pbjnomltrlam  pjftftmne),  enUur^  to  aboat  tirdw 
tloMt  the  Dfttunl  tbt.  99.  Tip  of  a  leaf,  cat  acroM,  much  magnified,  to  thoir  that  it  is  mad* 
vp  (oxMl^t  tho  midrib)  of  a  dngle  layer  of  cella. 
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Uest  Mosses  or  the  mintite^t  Albulds,  spring  from  single  cells  or 
spores  (97),  and  not  from  true  seeds.    And  the  apparatus  hj  which 
these  spores  are  produced,  whatever  be  its  nature,  is  not  a  flower. 
PkBts  of  the  lower  grade  (98, 
99)  are  therefore  eollectivelj 
denominated 

113.  rtowvrlett  w  Crjptnga- 

WUm  PlantL  The  first  name 
expresses  the  &ct  that  the  or 
gans  of  froctiflcation  in  these 
plants  are  not  of  the  nature 
of  real  flowers.  The  second 
name,  which  was  introduced 
by  limueus,  and  is  composed 
of  two  Greek  words  meaning 
^concealed  fructification,"  re- 
fers to  the  obscure  nature  of 
the  organs  or  the  processes  of 
reproduction  in  these  plants, 
which  have  only  recently  come 
to  he  understood.  Some  ac- 
count of  them  will  be  given 
in  Chapter  XIL  m 


Sect.  IL    Plants  of  the  Higher  Grade;  their  Develop- 

XENT  FROM  THE   SeBD* 

ll-L  Flowerillg  or  Phsnopmavi  PlUtl,*  — so  called  in  contradis- 
tinetioo  to  the  Flowerless  or  Cryptogamous,  —  is  the  general  name 
for  the  liigher  grade  of  plants,  to  which  our  ordinary  herbs,  shrubs, 
and  trees  belong,  and  which  may  be  said  to  exhilHt  the  perfected  type 
of  vegetation.    The  lower  grade  begins  with  pUmts  so  simj^  as  to 


*  Sometimes  written  PhanerogamouM,  Both  terms  are  made  from  the  same 
Greek  words,  and  signify,  by  a  metaphorical  expression,  the  coantei^NUt  of 
CiTptoganions ;  that  is,  that  the  essential  orgauB  of  the  flower  are  manifest  or 
conspicnons. 

FIO.  100.  Bktteh  of  a  Tree  Fern,  Bkkaoola  arboraMwiis,  of  8C  Helena ;  after  Dr.  J.  H. 
Booker.    101.  Potypodium  Tulfare,  a  eommoa  f «m,  with  iu  ereeplng  itiia  or  rooUtock. 
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be  destittite  of  drgans ;  and  it  is  onlj  m  the  higher  CiTptoganKms 
plants,  such  as  Mosses  and  Ferns,  that  the  familiar  organs  of  ordi- 
nary vegetation  appear  as  separate  parts  of  the  plant,  viz.  the  root, 
stem,  and  leaves.  In  the  higher  grade  (i-  e#  in  FhsenogamouA 
Plants)  these  three  parts  are  well  defined,  and  always  present,  in 
some  form  or  other; — a  few  anomaloas  instances  excepted,  such 
as  the  common  Dadc-weed,  fbr  example  (Figi  102). 
Here  stem  and  leaf  are  as  it  were  blended,  in  the 
manner  of  a  Liverwort,  to  form  a  Hat  green  bodj^ 
ipehich  floats  on  the  water,  exposing^  the  upper  sur* 
face  like  a  leaf  to  the  light,  wMle  one  or  more  roots 
proceed  from  the  lower,  and  a  small  and  Bhnple 
flower  at  length  makes  its  appearance  on  some  part 
of  the  nmrgin.  This  is  an  extremely  simplified 
state  of  a  Phsnogambus  plant 

115.  Ordinarily,  not  only  are  the  root,  stem,  and 
foliage  distinct  and  separate  from  each  other,  but 
also  distinct  fix)m  the  apparatus  for  reproduetion* 
So  that  the  plant  is  composed  of  two  kinds  of  oi^ 
^  gans,  viz.  Organs  of  Yeoetatiok  and  Organs 

OP  Reproduction. 

116.  The  OrgaDI  of  Tegetation  are  the  Boat,  Stem,  and  Leaves  (110)^ 
These  are  so  called  because  they  are  jointly  concerned  id  the  nutri* 
tion  and  growth  of  the  plants  and  in  the  performance  of  all  its  char- 
acteristic functions,  and  they  are  all  that  is  so  concerned.  Making 
up  as  they  do  the  entire  vegetable,  and  repeated  under  varied  forms 
throughout  its  whole  development,  they  are  also  termed  the  Funda- 
mental Organs  of  plants. 

117.  The  Organi  of  itepTOdnetioH  in  the  simplest  Cryptogamoos 
plants  are  not  distinct  fh>m  those  of  vegetation;* but  in  most  plantst, 
even  of  the  lowest  families,  the  cells  for  reproduction  are  diflerent 
in  appearance  and  in  the  mode  of  their  fmnation  fW>m  those  which 
serve  for  vegetation.  These  reproductive  eells,  or  SpcreSj  with  the 
apparatus  for  their  production  and  protection,  whatever  it  may  be, 
constitute  the  organs  of  reproduction  in  Cryptogamous  plants.  In 
Phaenogamous  plants  the  organs  of  reproduction  are  the  Flower, 
essentially  consisting  of  Stamens  and  Pistils^  and  the  result  of  their 
co-operation  is  the  production  of  Seed. 

113.  i  Seed  is  a  body  produced  by  the  agency  of  a  flower,  which 
contains,  within  one  or  more  coats  or  coverings,  a  ready-formed 
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pkntlet  in  a;  rudonentarj  state.  Flowerless  or  Cryptogamous  plants 
tipting  from  spores  or  single  cells,  whidt  when  thej  germinate  multi- 
plj  to  produce  a  tissue  or  an  aggregation  of  cells,  that  at  length 
grows  and  forms  a  plantlet.  But  a  seed  contains  a  plantlet  ready 
£>rmed,  or  a  germ,  which  is  called  an  Embryo.  And  the  history  of 
a  Flowering  or  Phsenogamous  plant  naturally  begins  with 

119.  The  DcTelopmeiit  of  the  Embryo  from  the  Seed.    The  embryo 

varies  exceeding^  in  size,  shape,  and  appearance  in  different  plants ; 
but  it  is  constructed  upon  the  same  general  plan  in  all;  and  the 
development  <^  almost  any  plantlet  from  the  seed  will  serve  to  illus- 
trate the.  principal  laws  and  processes  of  vegetable  growth.  To 
commence  with  the  study  of  the  seedling  is  the  readiest  way  to  un- 
derstand the  whole  vegetable  structure  and  life. 

120l  The  seeds  of  the  Red  or  the  Sugar  Maple  fumiBh  good 
Illustrations,  and  they  are  readily  met  with  in  germination^  i.  e.  just 
developing  the  embryo  into  a  plant.  Also  they  are  large  enough  to 
allow  the  embryo  to  be  extracted  from  the  seed-coats,  and  inspected 
by  the  naked  eye,  or  by  the  aid  of  a  common  hand-glass.  (Fig. 
103-105.)  Here 
the  whole  contents 
of  the  seed  consist 
of  an  embryo,  neatly 
ccMled  up  within  the 
seed-ooats.  If  un- 
folded, or,  which  is 

better,  if  examined  when  just  unfolding  itself  in  germination,  it  is 
seen  to  consist  of  a  tiny  stem  or  axis  (Fig.  104,  105,  a),  bear- 
ing a  pair  of  small  leaves  on  its  summit.  The  axis  is  called  the 
Radicle,  because  it  was  supposed  to  be  the  root ;  though  it  is  really 
the  rudiment  of  the  stem  rather  than  of  the  root,  and  therefore  were 
better  named  the  CavUcU;  but  the  former  name  is  now  too  well 
established  to  be  superseded.  The  two  little  seed-leaves  (&,  h)  are 
technically  called  Cotyledons  :  and  a  little  bud  which  will  pres- 
ently appear  between  them  (Fig.  106,  c),  or  may  be  discerned  there 
in  many  embryos  before  germination  (as  in  the  Almond,  Fig. 
108,  a)  is  named  the  Plumule.  The  embryo,  accordingly,'  is  a 
short  axis  or  stem  bearing  upon  one  end  some  rudimentary  leaves  ; 

TVi,  108.  Embryo  of  Sagar-Mople  m  oolled  up  In  tho  M«d.  104, 105.  Th«  mrnie,  Jiut  be- 
ghmlog  to  oofold  and  dorolop  in  germination :  a,  tho  ndiole,  or  primorx  Btom :  6,  &,  tho) 
colgrMon*  or  mmI-Imtw. 
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or,  in  Other  words,  it  is  a  primary  stem  crowned  with  a  leaf-huL 
When  it  grows,  this  stem  elongates  throughout  its  whole  length,  so 
as  usuaUy  to  raise  the  hndding  apex  abore  the  surfiiee  <^  the  8o3, 
into  the  light  and  air,  where  iu  cotjledons  expand  into  leaves ;  and 
^  at  the  same  time  from  the  opposite  ex« 

tremitj  is  formed  the  root,  which  grows 
in  a  downward  direction,  so  as  to  pen- 
etrate more  and  more  into  the  soiL  The 
two  extremities  of  the  embryo  are  dif> 
ierently  organized,  are  differently  afTect- 
ed  by  light  and  air,  and  grow  in  opposite 
directions.  The  budding  end  invaria- 
bly turns  towards  the  light,  and  grows 
upwards  into  the  air ;  the  root-end  turns 
constantly  from  the  light,  and  buries  it- 
self in  the  dark  and  moist  soiL  These 
tendencies  are  absolute  and  irreversible. 
If  the  budding  end  happen  to  lie  points 
ing  downwards  and  the  root  end  up- 
'••  wards,  both  will  curve  quite  round  as 

they  grow  to  assume  their  appropriate  positions.  If  obstacles  inter- 
vene, the  root  will  take  as  nearly  a  downward,  and  the  stem  as 
nearly  an  upward  direction,  as  possible.  These  are  only  the  first 
manifestations  of  an  inherent  property,  which  continues,  with  only 
incidental  modifications,  throughout  the  whole  growth  of  the  phmt, 
although,  like  instinct  in  the  higher  animals,  it  is  strongest  at  the 
commencement :  and  it  insures  that  each  part  of  the  plant  shall  be 
developed  in  the  medium  in  which  it  is  designed  to  live  and  act,— 
the  root  in  the  earth,  and  the  stem  and  leaves  in  the  air.  The 
plantlet,  therefore,  possesses  a  kind  of  polarity;  it  is  composed  of 
two  counterpart  systems,  namely,  a  Descending  Axis,  or  root,  and  an 
Ascending  Axis^  or  stem.  The  point  of  union  or  base  of  the  two 
has  been  tenned  the  crotm,  neck^  or  collar*  Both  the  root  and  stem 
branch;  but  the  branches  are  repetitions  of  the  axis  from  which 
they  spring,  and  obey  its  laws ;  the  branches  of  the  root  tending 
to  descend,  and  those  of  the  stem  to  ascend. 


FIO.  106.  Agennio>tfag»inh»yoof  8ag>r-II>plt,i»<>r»adTMicrt;  m^tb»  wtdldt liomfctBd 
toto  the  first  JoloC  of  stem,  bMring  Um  viifoldwl  eotyledoot  or  ned^kavM,  ft,  aod  bocween 
ihem  the  plumuto  (c),  or  mdiiMiito  of  Um  nuit  yakt  oT  kaw ;  white  ftvu  its  kmwr  «Uitaitj 
the  root)  </,  Is  IbmuMl. 
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121.  The  loot  and  the  stem  grow  not  only  in  opposite  direcdons, 
hut  in  a  difTerent  mode.  The  little  stem,  pre-existing  in  the  seed, 
grows  throughout  its  whole  length,  (but  most  in  its  upper  part,) 
so  that  a  radicle  of  perhaps  less  than  a  line  in  length  may  become  a 
stemlet  two  or  three  indies  k)ng.  It  is  by  this  elongation  that  the 
seed^leayes  are  raised  out  of  the  soil,  so  as  to  expand  in  the  light 
and  air.  Meanwhile  a  root  begins  to  be  formed  at  the  other  end  of 
the  radicle;  and  this  lengthens  by  continued  cell-multiplication  mainly 
at  its  lower  extremity,  the  parts  once  formed  scarcely  if  at  all  elon- 
gating aAerwards ;  but  the  growth  takes  place  continuously  at  the  tip 
alone.  The  jHimary  stem,  bearing  the  pair  of  seed-leaves,  soon 
completes  its  development,  and  ceases  to  lengthen.  Then,  if  not 
before,  the  plumule  (Fig.  106,  c)  begins  its  growth  and  develops 
into  a  second  stemlet  on  the  summit  of 

the  first,  bearing  its  pair  of  leaves.  It 
lengthens  in  the  manner  its  predeces^ 
8or  did,  and  carries  up  the  second  pair 
of  leaves  to  some  distance  above  the 
first ;  then  fix>m  between  them  springs 
a  third  joint  of  stem,  crowned  with  its 
pair  of  leaves  (Fig.  107) ;  and  so  on, 
building  up  the  whole  herb  or  tree  by 
this  succession  of  similar  growths  or 
jmnts  of  stem.  The  root,  on  the  other 
hand,  grows  on  in  a  downward  direc- 
tion continuously,  is  not  composed  of  a 
series  of  joints,  and  bears  no  leaves  or 
other  organs. 

122.  The  youngest  seedling  is  there- 
fore provided  with  all  the  organs  of 
vegetation  that  the  full-grown  plant 
possesses ;  and  even  the  embryo  in 
the  seed  is  already  a  miniature  vege- 
table. It  has  a  stem,  from  the  lower 
end  of  which  it  strikes  root  in  ger- 
mination ;  it  has  leaves,  and  it  has  or  '*^ 

soon  forms  a  bud,  which  develops  into  new  joints  of  stem  bearing 
additional  leaves,  while  beneath  it  sends  its  root  deeper  and  deeper 

fie.  107.    A  fwdUiv  Mapto  vbiela  turn  d«Tdop«l  two  addlCioiua  JoMt  of  ftcm,  eBch  witti 
thdr  pair  of  lMtT«s. 
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into  the  soil  The  root  absorbs  materials  for  the  plant's  nonrKb- 
ment  from  the  soil;  these  are  conveyed  throngh  the  stem  into  the 
leaves,  and  there  assimilated  (12,  15),  under  the  influence  of  tho 
light  of  the  sun  and  the  air,  into  organic  matters  which  serve  directly 
for  further  growth,  and  form  the  fabric  of  new  portions  of  stem,  new 
leaves,  and  new  roots,  the  vegetable  thus  increasing  its  size  and  its 
power  at  every  step. 

123.  Once  established,  therefore,  the  plant  can  provide  for  itself 
drawing  the  needful  materials  from  the  earth  and  the  air,  and 
assimilating  or  organizing  them  by  its  own 
peculiar  power.  But  at  the  beginning,  and 
until  it  has  sent  forth  its  root  into  the  soil 
and  spread  out  its  first  leaves  in  the  light, 
it  must  be  nourished  and  grow  by  means  of 
organized  matter  supplied  by  the  parent 
plant.    This  supply  in  the  Maple  was  de- 


108  i«  nt  in  ni« 

posited  in  the  seed-leaves  of  the  eml»yo,  and  was  barely  sufficient 
to  develop  the  radicle  into  a  tiny  stem,  to  form  a  simple  root  at 
the  lower  extremity,  and  above  to  expand  in  the  light  the  pair 
of  small,  green  seed-leaves;  when  the  plantlet  is  left  to  its  own 
resources.  '  Very  commonly  a  larger  store  of  nourishment  is  pro- 
vided for  the  plant's  earliest  growth.  In  the  almond,  for  instance 
(Fig.  108),  the  large  cotyledons  are  so  thickened  by  this  nourishing 
matter,  deposited  in  their  tissue,  that  they  have  not  the  appearance 
of  leaves.  It  is  the  same  in  the  Plum  and  Cherry  (Fig.  Ill*), 
and  in  the  Apple,  only  on  a  smaller  scale  (Fig.  110,  111) ;  and  the 
Beech  (Fig.  112  - 114)  and  the  Bean  (Fig.  115  - 117)  affiwd  familiar 

FIO.  108.  SmbTjro  (kernriVof  the  Almond.  109.  Sams,  with  one  cotyledon  xtmored,  to 
Aow  the  plumule,  a. 

FIG.  lia  Section  of  an  Appk-eeed,  magnifled,  catting  through  the  thieknew  of  th« 
eotyledont.    111.  Embryo  of  the  same,  extracted  entire,  the  cotyledons  a  little  separiited. 

FIO.  111**.  Germination  of  the  Cherry,  ahowlng  the  thiek  eetyledona  Uttle  alteied,  ud 
the  plumule  developing  the  earlieet  real  foliage. 
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illtiat^adons  <tf  thd  kind.    The  ample  store  of  Boorishment  in  snch 
-etses  enables  the  geiminaiing  plantlet  to  grow  with  remarkable 
yigoTj  and  to  develop  the  strong  phunnle 
with   its    leaves    before   the   seed*leaves 
have  expanded,  or  the  root  has  obtained 
mudi   foothold   in   the    soik     In    these 
instances   the   cotyledons    are    so   mncb^ 
thidEened  that, . 
although  thej' 
tarn    greenish 
in    the    light, 
they  only  im- 
perfectly    as- 
same  the  ap- 
^  peerance    and  ^ 
^  perform      the/| 
functions  of  or- 
dinary leaves; 
and  the  earli- 
est real  foliage 
consists  of  the 
leaves  of  the 
plumule.  Sudi 
cotyledons 
serve     chiefly 
I  as  depositories 
of  nourishment 
for  the  germi- 
>"  "•     nating  plant 

124.  Still  more  strongly  marked  cases  of  this  kind  are  presented 
by  the  Pea  (Fig.  118,  119),  the  Chestnut  and  Horsechestnut,  the 
Oak  (Fig.  120,  121),  &c  Here  the  cotyledons  are  excessively 
thickened,  so  as  to  lose  idl  likeness  to  leaves  and  all  power  of  ful- 
tfling  the  office  of  foliage.  Accordingly  diey  remain  unchanged 
within    the   seedrcoats,  supplying    abundant   nourishment   to   the 


FIQ.  113.  A  Beeeh-mii,  eat  mtom.  118.  Banning  gmnlnfttloD  of  th«  Bseeh,  •howlDg 
fte  phnttale  growing  twfbra  the  cotyledons  bare  opened  or  the  root  bee  eonroely  ftmned. 
114.  Tbo  MOM,  a  Uttle  later,  wHh  the  Mcond  Joint  lengthened. 

no.  lift.  The  embiyo  (the  whole  kernel)  of  the  Bean.  llS.  Saino  earty  In  germination ; 
Ih*  IbMi  cotyHdoBa  ec^aodlng  and  ahowhig  the  plamnle.  IIT.  Same,  more  adTaneed  in 
germination ;  tfa«  plomole  doTaloped  into  a  Joint  of  atom  bearing  a  pair  of  kavee. 
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plumule,  whidi  gives  rise  to  the  first  leaves  that  appear*    As  the 

radicle  itself  scarcely  if  at  all  elongates,  the  cotyledons  are  not  ele- 

vated  in  germination  but  remain  under  ground  (L  e«  are  hypog^BOUi)^ 

or  rest  on  the  surface  of  the  soiL 

125.  In  all  the  foregoing  illustrations  the 

nourishment  provided  for  the  growth  of  the 

embryo  into  a  plantlet  is  deposited  in  the 

tissue  of  the  embryo  itself,  L  e.  in  the  seed- 
leaves*  In  other 
cases  it  is  depos- 
ited around  the 
embiyo;  when  it 
forms  what  is 
commonly  called 
the  Albumen  of 
the  seed.  This 
makes  up  the 
prindpal  buflc  of  I 

O^  the  seed  in  the! 

il  Buckwheat,     In- 

Jf  dian   Com  (Fig. 

126,    127),    and 

most  other  sorts 

of    grain.      The 

greater  the  quan* 

ti^  of  this,  the 

floury  part  of  the 

seed,  the  smaller 

or  less  developed 

is    the    embryo^ 

or  the  less  thick 

are  its  cotyledons. 

In  the  Moming- 
Glory,  for  instance  (Fig.  122  - 125),  where  the  embryo  is  surround- 
ed by  mucilaginous  albumen,  the  cotyledons  appear  in  the  seed  as 
a  pair  of  very  thin  and  well-formed  green  leaves.  These  absorb 
the  nourishment  required  for  the  plantlet's  earliest  growth  iroai 


TIQ.  lis.    Bmbi70«r%PM.    119.  TImmmIbi 
FIG.  120.    An  aoora,  dividod  ki^;tbirlfl»,  abowiiiff  %  neettoa  of  41m  ywj  Olek  ta4  ^aOxf 
cotyledou  and  the  wnj  nuU  ndkto.    121.  Qwmlnatton  of  ilM  Mom. 
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the  surrounding  albumen,  which  in  germination  is  gradually  lique* 
fiedy  its  starch  or  arajlmd  being  transformed  into  dextrine  and 
Wfptr  (80,  82y  83).  Thus  nourished,  the  radicle  rapidly  lengthens 
into  a  stem,  and  develops  a  root  from  its  ui  m 

lower  extremity,  connecting  it  with  the 


191  w  vm 

soil ;  and  when  the  enlarging  cotyledons 

extricate  themselves  from  the  deca3ring 
seed-coats  and  expand  in 
the  light  as  the  first  pair 
of  leaves,  the  plantlet  is 
already  established  as  a 
complete  miniature  vege- 
table, able  to  nourish  it-^ 
self,  and  make  sufficient 
provision  for  its  own  con* 
tinned  growth. 

126.  The  embryo  in  seeds  provided  with  albumen 
IS  sometimes  very  small,  as  in  Fig.  131,  or  even 
much  more  minute,  and  with  its  parts  so  rudimentary 
that  they  are  hardly  or  not  at  all  discernible  previous 
to  their  gradual  development  in  germination.  But 
sometimes  it  is  pretty  large,  and  with  all  its  parts 
i3i        obvious    in    the   seed;    as   in   the   Morning-Glory 

and  in  Indian  Com  (Fig.  122).    The  latter  has  a  highly  organized 

no.  122.  Seed  and  cmlnyo  of  the  eommon  Mornlng-Glorj,  eat  mtom  ;  the  Utter  aeen 
•dgewlM.  128.  Embryo  of  the  fMoe,  detached  and  straightened,  leen  flatwiae.  124.  Oenni- 
nadng  Moming-Cllofy.    12ft.    The  aame  farther  ad^aneed ;  Ita  two  thhi  Med-IeaTea  expanded. 

710.  126L  A  grain  of  Indian  Com,  leen  flatwise,  dirided  throagh  the  embryo,  which  is 
Yiewed  ijing  on  the  albamen,  wliich  makes  the  prindpal  bulk  of  the  seed. 

no.  127.  Another  grafai  of  Com,  eat  through  the  middle  in  the  opposite  direction,  dirid- 
Ing  the  embryo  throagh  its  thick  cotyledon  and  Its  plamale,  the  latter  consisting  of  two 
iHKfes,  one  enclosing  tiie  other. 

no.  128.  The  embiyo  taken  oat  whole :  the  thick  mass  Is  the  cotyledon ;  the  narrow 
body  partly  onelosed  by  it  Is  the  plomnle ;  the  little  projeetloa  at  Its  base  is  the  teiy  short 
tadicle  eoeiDsed  hi  the  ahcathfaig  base  of  the  first  leaf  of  the  plamale^ 

no.  120.    A  gndn  of  Indian  Cora  in  germhiatlon. 

7* 
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embryo,  with  a  sthmg  and  well-deTeloped  pknuile,  of  seTeral  leaves 
enwrapped  one  within  another;  and,  being  amply  nourished  by  the 
Mtpiotts  mealy  albumen,  |l  sprouts  with  re- 
urkable  vigor,  sending  up  threa  or  four 
ives  in  rapid  sueoeasioa  before  ihe  earfioiit 
9  completed  its  growth,  at  the  same  time 
iding  forth  additional  roots  downwards  into 
i  soil     Here  also,  as  in  the  Pea  and  the 
J^  &c  (124)  the  germination  is  hypog^eom^ 
\  cotyledons  remaining  in  the  seed  under 
»und,    and   the   leaves    which         '" 
)ear  above  ground   belongir 
the  plumule.    This  is  also  tl 
e  in  the  Iris  (Fig.  132)  ar 
st  plants  of  the   same   clae 
^    But  in  the  Onion  the  cv^ 
tyledon    (which  is  single) 
lengthens,  raises  the  seed 
out  of  the  ground,  and  be- 
comes the  first  lea£ 

127.  In  Indian  Com  (Fig. 
V   130),  in  Iris  (Fig.  132), and 
also  in  the  germinating  Cher- 
^    17  (Fig.  Ill-),  Oak  (Fig. 
121),  and  Pea  (Fig.  119),  the  leaves  of  the  plumule  ^^J 
succeed  one  another  singly,  that  is,  there  is  only  one         (f 
upon  each  joint  of  stem :  in  other  words,  the  leaves  are 
aliemaU.    Whereas  in  the  seedling  Beech  and  the  Bean. 
(Fig.  114, 117)  these  early  leaves  are  in  pairs,  that  is, 
are  oppostU^    A  similar  difference  is  to  be  noticed  in  the  . 
embryo  as  to  the 

128.  Nomber  of  Cotyledoni.  All  the  earlier  illustrar 
tions  are  taken  from  plants  which  have  a  pair  of  cotyle- 
dons, or  seed-leaves,  belonging  to  the  first  jcant  of  stem, 
that  is,^to  the  radicle.  Such  embryos  are  accordingly 
said. to  be  Dicotyledonous,  —  a  name  expressive  of  this  &tL 
But  in  the  Lily,  Onion,  Iris,  Indian  Com,  and  the  like, -the  embiyo 


VTO.  laO.    IiidbaOomBioi«adTuieedlag«nniiMU(m,andwlUiaelaalnor  noCg. 
VIO.  181.    SwUonor%iMdoririsorFlo««rHle4.iMe,magiiiSa«,iliowtaf  tbtnaUtMbiy* 
«ndMMl  ia  tb*  albouMD,  DMur  lu  iMM.    Iffi.  QtroiiiiatiQff  plaoltoi  «r  Iris. 


Digitized  by 


Google 


THE  ROOTk  79 

bas  onlj  one  cotyledon  or  iFue  seed-leaf  (Fig.  128,  &g.)  ;  the  other 
leaves,  if  any  are  appai-ent,  are  enclosed  by  the  cotyledon  and  be^ 
long  to  the  pluraule;  and  the  embryo  with  one  cotyledon  is  ac- 
ooidingly  termed  Monocotylgdonous.    The  difference  in  thia 
respect  coincides  with  striking  diflferenees  in  the 
structure  of  the  stems,  leaves,  and  blossoms,  .and 
kys  a  foundation  for  the  division  of  Flowering  or. 
Phsenoganious  plants  (114)  into  two  great  Classes. 

129.  In  a  few  plants,  such  as  Pines,  the  embryo 
is  provided  with  fixni  three  to  ten  cotyledons, 
which  expand  into  a  circle  of  as  many  green  leaves 
in  germination  (Fig.  133,  134):  such  an  embryo 
is  said  to  be  Polycotyledonous,  i.  e.  of  many 
cotyledons. 

130.  Having  taken  this  general  survey  of  the 
development  of  Phaenogamous  plants  from  the 
seed,  and  of  their  common  plan  o£  growth,  their 

further  development  and  their  morphology  may        *"        *•* 
best  be  studied  by  examining  in  succession  the  three  universal 
organs  of  vegetation  (116)  of  which  they  all  consist,  viz.  the  Boot, 
Stem,  and  Leaves* 


CHAPTER     III. 

OP  THB  ROOT,  OB  DESCENDim  AXIS. 

131.  The  Boot  is  .the  descending  axis  (120),  or  that  portion  of 
the  body  of  the  plant  which  grows  downwards,  ordinarily  fixing  the 
vegetable  to  the  soH  and  absorbing  nourishment  from  it.  As  already 
mentioned  (121),  the  root  grows  in  length  by  continual  additions  of 
new  fabric  to  its  lower  extremity,  elongating  from  that  part  only  or 
chiefly ;  so  that  the  ti{>  of  a  growing  root  always  consists  o£  the  most 
newly  formed  and  active  tissue.  It  begins^  in  germination,  at  the 
root-end  of  the  radicle.  That  only  this  extremity  of  the  radicle  is 
root  is  evident  from  the  mode  in  which  the  radicle  grows,  namely, 

no.  188.    8eetioaor%M«lor%Pioe,wiai  Ito  embrroof  MVwaicotjrltdoiit.    181.  iMrl/ 
andling  PIm,  with  Ito  fUulet,  dkp^yliili  iu  tiz  ■Md-toaTM. 
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hf  lengthening  throagfaoiit  everj  part;  whidi  is  a  diaracteristic 
feature  of  the  stem. 

132.  The  root,  however,  does  not  grow  from  its  Terj  apex,  as  is 
commonlj  stated ;  but  the  new  formation  (bj  oontinned  multiplica^ 

tion  of  cells,  33)  takes  place  just  behind  the 
•apex  (Fig.  135),  which  consists  of  an  obtusety 
conical  mass  of  older  cells.    As  these  weai" 
away  or  perish,  they  are  replaced  by  the  layer 
beneath;  and  so  the  advancing  point  of  the 
root  consists,  as  inspectk>n  plainly  shows,  of  ^ 
older  and  denser  tissue  than  the  portion  just 
behind  it.    The  point  of  every  branch  of  the 
root  is  capped  in  the  same  way.    It  follows 
that  the  so-caUed  spongtcleM  or  spongtJets  of 
the  roots,  or  enlarged  tips  of  delicate  forming  tissue,  have  no  ex- 
istence.   Not  only  are  there  no  special  organs  of  this  sort,  but 
absorption  evidently  does  not  take  place,  to  any  considerable  extent, 
through  the  rather  firm  tissue  of  the  very  point  itself. 

133.  IbsorptiOB  by  loots.  As  the  surface  of  the  root,  like  every 
part  of  a  plant,  consists  of  closed  cells,  it  is  evident  that  the  moist* 
ure  it  so  largely  takes  in  must  » 

be  imbibed  through  the  walls  of 
the  cells,  by  endosmose  (40); 
and  that  the  whole  surfiice  of  a 
fresh  root  will  take  part  in  ab- 
sorption. Tlie  newer  the  root, 
however,  the  more  actively  does 
it  absorb,  the  cells  then  having 
thinner  walls.  As  they  become 
older,  the  superficial  layer  of 
cells  thicken  their  walls  and 
form  a  kind  of  skin,  or  epider- 
mis (69),  through  which  absorp- 
tion does  not  take  place  so  free- 
ly. Roots  accordingly  absorb  mostly  by  their  fresh  tips  and  the 
adjacent  parts;  and  these  are  constantly  renewed  by  growth,  and 

FIG.  18S.  The  tip  of  the  root  ofa  tBedlhif  Maplo  (TIf.  106),  tnngnHM :  a,  tbe  p1ac«  whtfi 
growth  Is  nafailj  taking  place,  bj  ceU-maltipUaitloo :  *,  the  original  tip  of  the  radicle. 

FIG.  186, 187.  Portiona  of  the  eorftice  of  the  Mine,  highlj  nagnifled,  ehowfaig  the  natore 
ef  the  root-hain  or  flbiila. 
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Extended  farther  into  the  eoiL    The  absorbing  surface  of  the  new 
parts  of  roots  is  greatly  increased  bj  the 

134.  loot-kaiflf  or  delicate  fhriU  which  thej  bear.  These  are 
often  discernible  hj  the  naked  eye,  as  in  the  young  seedling  Maple 
(Fig.  106),  and  may  almost  always  be  plainly  shown  by  a  moderate 
magnifying  power,  as  in  Fig.  135;  while  a  higher  power  distinctly 
reveals  their  nature,  as  prolongations  of  some  of  the  supei*ficial  cells 
from  a  certain  point  into  slender  tubes  (Fig.  136, 137),  thus  largely 
increasing  the  absorbing  surface.  As  fast  as  the  superficial  cells  are 
converted  into  epidermis,  the  root-hairs  die  away,  fresh  ones  taking 
their  place  on  the  newer  parts. 

135.  The  advancing  extremity  of  the  root  consists  of  parenchyma 
alone;  but  vessels  and  woody  tissue  appear  in  the  forming  root 
80(m  afler  their  appearance  in  the  radicle  or  stemlet  above.  The 
arrangement  of  the  woody  matter  is  generally  the  same  as  in  the 
stem,  except  that  the  root  seldom  exhibits  a  distinct  pith*  The  root 
increases  in  diameter  in  the  same  manner  as  the  stem.  (Chap.  IV. 
Sect.  IV.,  V.) 

136L  The  growth  of  the  root  and  its  branches  keeps  pace  with 
the  development  of  the  stem.  As  the  latter  shoots  upward  and 
expands  its  leaves,  from  which  water  is  copiously  exhaled  during 
vigorous  vegetation,  the  former  grow  onward  and  continually  renew 
the  tender  tissue  through  which  the  absorption,  required  to  restore 
what  is  lost  by  evaporation  or  consumed  in  growth,  is  principally 
effected.  Hence  the  danger  of  disturbing  the  active  roots  during 
the  season  of  growth.  In  early  summer,  while  new  branchlets  and 
leaves  are  developing,  and  when  the  sap  is  rapidly  consumed  by  the 
fresh  foliage,  the  rootlets  are  also  in  rapid  action,  are  extending  at  a 
corresponding  rate,  and  their  tender  absorbing  points  are  most  fre* 
quently  renewed.  They  cannot  now  be  removed  from  the  soil  with* 
out  injury,  at  the  very  time  when  their  action  is  essential  to  restore 
the  liquid  which  is  continually  exhaled  from  the  leaves.  But  at  the 
close  of  summer,  as  the  leaves  become  inactive  and  the  growth  of 
the  season  is  attained,  the  rootlets  also  cease  to  grow,  the  epidermis 
f^NTDs  a  comparatively  firm  covering  quite  down  to  the  tip,  and  al>^ 
sorption  at  length  ceases.  This  indicates  the  proper  period  for 
transplanting,  namely,  in  the  autumn  afkr  vegetation  is  8U8pende<]^ 
or  in  early  spring  before  it  recommences. 

137.  This  elongation  of  roots  by  their  advancing  points  alone  is 
admirably  adapted  to  the  conditions  in  which  they  are  placed. 
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Growing  as  they  do  ia  a  mediimi  of  such  unequal  resistance  as  Uie 
iokly  if  roots  increased  like  growing  stems,  by  the  elongation  of 
their  whole  body,  they  would  be  thrown,  whenever  the  elongating 
force  was  insufficient  to  overcome  the  resistance,  into  knotted  or  con- 
torted 8h^>es,  iU  adapted  for  the  free  transmission  of  fluid.  But, 
lengthening  only  at  their  fiurthest  extremity,  they  insinuate  them- 
•  selves  with  great  fadlity  into  the  crevices  or  yielding  parts  of  the 
soil,  and  afterwards  by  their  expansion  in  diameter  enlarge  the 
cavity ;  or,  when  arrested  by  insuperable  obstacles,  their  advancing 
pdnts  follow  the  surface  of  the  opposing  body  until  they  reach  a 
seller  medium.  In  this  manner,  too,  they  readily  extend  from  place 
to  place,  as  the  nourishment  in  their  inunediate  vicinity  is  consumed* 
Hence,  also,  may  be  derived  a  sinqple  explanaticta  of  the  fact,  that 
roots  extend  most  rapidly  and  widely  in  the  direction  of  the  most 
favorable  soil,  without  supposing  any  self-determining  power  beyond 
what  belongs  to  all  growing  parts.     (Chap.  XHI.) 

138.  We  have  taken  the  root  <^  the  seedling  as  an  example  and 
epitome  of  that  of  the  whole  herb  or  tree ;  as  we  rightly  may,  for 
in  its  whole  devek^ment  the  root  produoes  no  other  parts ;  i(  bears 
nothing  but  naked  branches,  which  spring  from  different  portions  of 
the  surface  of  the  main  root,  nearly  as  this  sprung  from  the  radide, 
and  exactly  imitate  its  growth.  They  and  their  ramifications  are 
mere  repetitions  of  the  original  descending  axis,  serving  to  multi[^7 
the  amount  of  absorbing  surface.  The  branches  of  the  root,  more- 
over, shoot  forth  irregularly,  or  at  least  in  no  order  like  that  of  the 
branches  of  the  stem,  which  have  a  symmetrical  arrangement,  de- 
pendent upon  the  arrangement  of  the  leaves  (166). 

139.  To  the  general  statement  that  roots  give  birth  to  no  other 
organs,  there  is  this  abnormal,  but  by  no  means  unusual  exception, 
that  of  producing  buds,  and  therefore  of  sending  up  leafy  branches. 
Although  not  naturally  frimi^ed  with  buds,  like  the  stem,  yet, 
under  certain  eiroumstances,  the  roots  of  many  trees  and  shrubs, 
and  of  some  herbs,  have  the  power  of  producing  them  abundantly. 
Thus,  when  the  trunk  of  a  young  Apple-tree  or  Poplar  is  cut  off 
near  the  ground,  while  the  roots  are  vigiuxMia  and  full  of  elaborated 
«ap,  those  whidi  spread  just  beneath  the  surface  produce  buds,  and 
give  rise  to  young  shoots.  The  roots  of  the  Madura,  or  Osage 
Orange,  habitually  give  rise  to  such  irregular  or  adventitious  (168) 
imds  and  branches. 

140.  Although  the  root  does  not  produce  ascending  axes,  or  stems^ 
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accept  in  certain  rather  unusual  instances,  yet  stems  habttuallj  pro> 
duoe  roots,  whenever  circumstasoes  favor  it,  namely,  when  thej  are 
•^vered  by  the  damp  and  moist  soil,  or  rest  on  its  surface.  Boots 
aocor^i^ty  may  be  distinguished  into  primary  and  Meeondary. 

141.  Hie  PriBHOT  IftOt  is  that  which  originates  frem  the  root  end 
«f  the  embryo  in  genninatio%  indnding  also  its  branches.  If  this 
continues'  as  a  main  root,  it  commonly  forms  a  tap4tiot»^  But  very 
often  the  main  root,  is  soon  lest  in  the  branches.  Sometimes  a 
duster  of  roots  is  produced  directly:  from  the  lower  extremity  of 
the  radide,  as  in  the  Pum{4in,and  Indian  Com  (Fig.  180).  In  the 
latter  the  second  and  the  succeeding  short  joints  of  stem  also  send 
out  roots.    These  are  early  instances  of 

142.  Secondarj  Bootly  i.  e.  rooU  emitted  by  other  parts  of  the 
ascending  axis  than  the  mdide.  Most  creeping  plants  produce 
them  at  every  joint;  and  most  branches,  when  bent  to  the  ground 
and  covered  with  earth,  so  as  to  afford  the  moisture  and  darkness 
they  require,  will  strike  root  So,  oflen,  will  separate  pieces  of 
young  stems,  if  due  care  be  taken ;  as  when  plants  are  propagated 
by  cuttings.  Gryptogamous  plants^  growing  ^m  spores  and  hav- 
ing no  embryo  stem  or  axis  to  commence  with,  are  furnished  with 
secondary  roots  only. 

143.  Viewed  as  te  Uie  duration  of  the  plant,  loots  are  distin- 
guished into  annualy  bietmialj  >and  peretmioL 

144.  iflnnal  loatl  are  those  of  a  plant  which  springs  from  the 
seed,  flowers,  and  dies  the  same  year  or  season.  Sudi  plants 
always  have  ^broui  roots,  composed  of  numerous  slender  branches, 
fibres,  or  rootlets,  proceeding  lateral^  from  the  main  or  tap-root; 
or  else  the  whole  root  divides  at  Onee  into  soch  fibrous  branches,  as 
in  an  annual  Grasses  (Fi^  ISO).  Hiese  multiplied  rootlets^  are 
well  adi^ted  for  absorption  from  ^e  soil,  but  for  thatalonei  The 
food  which  the  roots  absorb,  after  being  d^ested  and  elaborated  in 
the  leaves,  is  all  expended  in  the  production  of  new  leafy  branches, 
and  at  length  of  blossoms.  Tlie  fiowering  process  and  the  maturing 
of  the  fruit  exhaust  the  vegetable  greatly  (in  a  manner  h^'eafter  to 
be  explained),  consuming  all  the  nourishing  material  whi<^  it  con- 
tains, or  storing  it  np  in  the  fruit  or  seed  for  its  ofi^mng;  and  the 
exhausted  plant  perishes  at  the  close  of  the  season,  or  whenever  it 
has  frilly  gone  to  seed. 

145.  Bieiniftl  Roots  are  those  of  plants  which  do  not  blossom  ontil 
the  second  season,  and  which  die  when  they  have  matured  their 
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ieecL  Sach  plants  send  up*  no  lengthened  stem  during  the  first 
smnmery  bat  prodooe  a  large  tuft  of  leaves  next  the  ground,  and 

proceed  to  elaborate  what  they  re- 
ceive from  the  roots  and  from  the  air 
into  organic  or  nourishing  matter,  and 
store  it  np  in  the  root,  in  the  form  of 
starch,  vegetable  jellj,  and  the  like. 
The  root  enlarges,  or  becomes  jUthy^ 
as  this  accumulates.  In  biennials  this 
accumulation  generallj  takes  place  in 
the  primary  or  main  root,  as  in  the  * 
Badish,  Carrot,  Beet,  &c  This,  when 
only  moderately  thickened  and  taper- 
ing downwards*,  is  a  oomnfon  tap-root : 
when  more  enlai*ged  and  broadest  at 
the  crown,  or  junction  with  the  ex- 
tremely abbreviated  stem,  it  forms  a 
conical  root,  like  that  of  the  common 
'*  Beet  and  Parsnip:  when  broadest  in 

the  middle  and  tapering  to  both  ends,  it  is  ipindle-ihaped  or  fuii- 
form^  as  in  the  Radish  (Fig.  138) :  when  much  broader  than  long^ 
and  abruptly  contracted  below,  like  a  turnip,  it  is  napifomu  Such 
roots,  abounding  in  nourishment,  are  appropriated  by  man  for  food. 
The  plant  itself  uses  this  store  for  the  same  purpose.  When  the 
vegetation  of  these  biennials  is  ^resumed,  the  following  spring,  the 
new  shoots,  fed  by  this  abundant  stock  of  nourishment  provided  for 
them,  grow  with  great  vigor,  and  produce  flowers,  fruit,  and  seed 
almost  entirely  at  its  expense ;  and  this  stock  being  exhausted  by  the 
time  the  seeds  are  matured,  when  the  cells  of  the  great  root  will  be 
found  to  be  emptied  of  their  contents  and  dead,  the  plant  perishes. 

146.  PtnnBiol  RMtl  are  those  of  plants  which  last  year  afier  year. 
In  shrubs  and  trees  the  roots  themselves  live  and  grow  indefinitely ; 
but  in  perennial  herbs  the  same  roots  seldom  survive  more  than  a 
year  ot  two^  and  a  new  set  is  formed  annually.  Here,  also,  a  store 
of  nourishment  for  the  vigorous  commencement  of  the  succeeding 
yearns  growth  is  not  unfrequently  deposited  in  the  root.  The  Sweet 
Potato^  the  Peony,  and  the  Dahlia  (Fig.  139),  furnish  good  illustra- 
tions of  the  kind.  These  roots  are  generally  fa$cicUd  or  clustered; 
that  is,  they  consist  of  a  cluster  of  roots  from  the  base  of  the  stem. 

no.  1S8.    Yadfom  root  of  tiMBwIbh,  with  fooMfoUasi. 


Digitized  by 


Google 


ITS   STRUCTURE   AND   GROWTH.  86 

While  some  of  these  remain  slender  and  serve  merely  for  absorption, 

others,  tliickened  by  this  deposit,  may  become  tuberout  (as  in  Fig. 

139) ;  and  bnds,  formed  on  the  stem 

jnst  above,  draw  upon  this  store  when 

they  start  into  growth  in  the  spring. 

These  particular  roots  perish  when 

exhausted  of  their   store;   but  new 

accumulations  have  meanwhile  been 

formed  in  some  of  the  roots  of  the 

season,  which  serve  the  same  purpose 

the  following  spring ;  and  so  the  plant 

survives,  year  after  year. 

147.  Some  less  ordinary  modifica- 
tions of  roots  remain  to  be  noticed. 
It  has  already  been  stated  that  they 
may  spring  (as  secondary  roots,  142) 
from  any  part  of  the  stem,  although 

they  commonly  do  so  only  when  this  '" 

rests  on  or  is  covered  by  the  soil,  which  affords  the  darkness  and 
moisture  congenial  to  them.  Some  stems,  however,  strike  root  freely 
in  the  open  air,  forming 

148.  Aerial  Soots,  The  Ivy  of  Europe,  our  own  Poison  Ivy  (Rhus 
Toxicodendron),  and  the  Trumpet  Creeper  dimb  by  such  roots,  in 
the  form  of  small  rootlets,  which  attach  themselves  to  the  bark  of 
trees,  &c  These  serve  merely  for  mechanical  support  Other 
plants  produce  larger  aerial  roots,  which,  emitted  from  the  stem  in 
the  open  air,  descend  to  the  ground  and  establish  themselves  in  the 
soiL  This  may  be  observed,  on  a  small  scale,  in  the  stems  of  In- 
dian Com,  where  the  lower  joints  often  produce  roots  which  grow 
to  the  length  of  several  inches  before  they  reach  the  ground.  More 
remarkable  cases  of  the  kind  abound  in  those  tropical  regions  where 
the  sultry  air,  saturated  with  moisture  for  a  large  part  of  the  year, 
favors  the  utmost  luxuriance  of  vegetation.  The  Pandanus  or 
Screw-Pine  (a  Palm-like  tree,  often  cultivated  in  our  conserva- 
tories) affords  a  well-known  instance.  Here  (Fig.  140)  strong  roots, 
emitted  in  the  open  air  from  the  lower  part  of  the  trunk,  and  soon 
reaching  the  soil,  give  the  tree  the  appearance  of  having  been  par- 
tially raised  out  of  the  ground.  The  famous  Banyan-tree  of  India 
(Fig.  142)  affords  a  still  more  striking  illustration.     In  this  the 


flQ.  139.    Fiacicled  tuberous  rooU  of  Um  Ikhlla. 
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aerial  rootlets  strike  from  the  horizontal  fntmches  of  tho  tre^  ofteft 
at  a  great  height^  at  first  swinging  iree  in  the  air,  hot  fInaUj  reaeh«> 

ing  and  establishing 
themsdres  in  the 
groundy  where  ihej 
inerease  in  diuoie- 
ter  and  form  aoce»- 
sorj  trunks,  snr- 
roundii^  the  <Hrigi- 
nal  boU  and  sap- 
porting  the  wide- 
spread canopj  of 
branches  and  foli- 
age. Yerj  similar 
is  the  economj  of 
the  Mangrove  (Fig. 
141),  which  forms 
impenetrable  thick- 
ets on  low  and  mud- 
dy sea-shores  in  the 
tropics,  and  even 
occms  on  the  coast 
'*  *«  of  Florida  and  Lou- 

isiana.    Here  aerial  roots  spring  not  onlj  from  the  main  trunk,  as 
in  the  Pandanos,  but  also  from  the  branchlets,  as  in  the  Banyan. 


FTO.  140.    The  Pandanas,  or  Screw-Pine;  with,  141,  a  Mangrore-tree  (Rhiiophora  BfaagleX 
no.  142.    The  Banyan-tree,  or  Indian  Fig  (Fioos  Indica). 
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HoreoTer,  this  tendencj  to  shoot  in  the  air  is  shown  even  in  the 
emhryo,  which  begins  to  genninate  while  the  fruit  is  yet  attached  to 
the  parent  branch,  often  elongating  its  radicle  to  the  length  of  a  foot 
or  more  before  the  fruit  falls  to  the  ground. 

149.  Epiph]1es,  or  Ai^PIintS,  exhibit  a  further  pecuUaritj.  Their 
roots  XK>t  onlj  strike  in  the  open  air,  but  throughout  their  life  have 
no  connection  with  the  solL  These  -generally  grow  upon  the  trunks 
and  branches  of  trees;  their  roots  merely  adhering  to  the  bark  to 
fix  the  plant  in  its  position,  or  else  hanging  loose  in  the  air,  from 
which  such  plants  draw  all  their  nourishment.  Of  this  kind  are  a 
large  portion  of  the  gorgeous  Orehidaoeous  plants  of  very  warm  and 
humid  dimes,  which  are  so  much  prized  in  hot-houses,  and  which, 
in  their  flowers  as  well  as  their  general  aspect,  exhibit  such  fantastic 
and  infinitely  varied  forms.    Some  of  the  flowers  resemble  butter- 


flies, or  strange  insects,  in  shape  as  well  as  in  gaudy  coloring  r 
such,  for  example,  as  the  Oncidium  Papilio  (Fig.  143).    To  another 

FIG.  14S.    Onddiani  Papilio,  uv\.  144,  ComTMrett!*  roeea;  two  epiphytes  of  the  Orchis 
ftjBBily  i  showing  tae  luode  ia  wiikii  Uuwe  Air>plants  grow. 
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family  of  Epii^ytic  pkinU  belongs  the  Tillandsia,  or  Long  Mos^ 
which,  pendent  in  long  and  gray  tangled  clusters  or  festoons  from 
the  brandies  of  the  Live-Oak  or  Long-leaved  Pine,  gives  such  a 
peculiar  and  sombre  aspect  to  the  Ibrests  of  the  warmer  pcurtionft 
of  our  Southern  States.  They  are  called  Air-plants,  in  allusion  to 
the  source  of  their  nourishment ;  and  Epiphytes,  from  their  grow- 
ing upon  other  plants,  and  in  contradistinction  to 

loO.  Parasitetf  that  not  only  grow  upon  other  vegetables,  but  live 
at  their  expense ;  which  Epiphytes  do  not.  Parasiiic  plants  may 
be  dinded  into  two  sorts,  viz.: —  Ist,  those  that  have  green  foliage; 
and  2d,  those  that  are  destitute  of  green  f<diage.  They  may  vary 
also  in  the  degree  of  parasitism ;  some  being  absolutely  dependent 
upon  the  foster  plant  for  nourishment,  while  others,  such  as  the 
Cursed  Fig  (Clusia  rosea)  of  Tropical  America,  often  take  root  ia 
the  soil,  and  thence  derive  a  part  of  their  support.  The  latter  oc- 
curs only  in 

151.  Green  Paroittes,  or  those  furnished  with  green  foliage,  or 
proper  digestive  organs  of  their  own.     These   strike  their  roots 


through  the  bark  and  directly  into  the  new  wood  of  the  foster 
plant;  whence  they  draw  the  ascending,  mostly  crude  sap,  which 

they  have  to  assimilate  in 
their  own  green  leaves. 
The  Mistletoe  is  the  most 
familiar  example  of  this 
class.  It  is  always  com- 
pletely parasitic,  being  at  no 
period  connected  with  the 
«arth ;   but  the  seed  germinates  upon  the  trunk  or  branch  of  the 

FIO    I4iS.    RooU  of  Germrdl*  flava  \  Mine  of  ttie  rooUett  attMhlng  UMouelTW  panultioallj 
to  th«  root  of  a  Blueberry.    (From  a  drawing  by  Mr.  J  Stauffer  ) 
FIO.  liO     Section  of  one  of  the  attached  rootleta,  ihowing  the  unkm. 
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tree  wbere  it  happens  to  fall,  and  its  nascent  root,  or  rather  the 
woody  mass  that  it  produces  in  place  of  the  root,  penetrates  the 
bark  of  the  foster  stem,  and  forms  as  dose  a  juncUon  with  its  young 
wood  as  that  of  a  natural  branch.  The  Cursed  Fig,  commonlj  be- 
ginning as  a  parasite,  sends  down  aerial  roots,  some  of  which  strike 
into  the  wood  of  the  Ibster  tree  lower  down,  while  others  descend 
to  the  ground  and  draw  from  it  a  portion  of  their  sustenance  in  the 
ordinary  manner.  Some  common  herbaceous  plants,  hitherto  not 
suspected  of  such  habits,  have  recently  been  found  to  fix  themselves 
dandestinely,  under  ground,  by  means  of  some  of  their  rootlets,  to 
the  roots  of  neighboring  plants,  and  furtively  draw  from  them  a 
portion  of  their  sustenance.  This  is  the  case  with  our  Comandra, 
as  well  as  with  the  Thesiums  of  the  Old  World,  and  also  with  oar 
Grerardias  and  many  other  plants  of  that  family,  which  have  long 
been  known  as  uncultivable,  although  the  cause  of  their  being  so 
has  only  lately  been  detected.  It  would  appear  that  this  partial 
parasitism  is  necessary  to  their  existence.  Grcrardia  appears  to  im- 
plant its  rootlets  upon  the  bark  of  the  roots  of  neighboring  shrubs, 
and  therefore  to  steal  elaborated  sap  (Fig.  145,  146). 

152.  Pale  or  Colored  Parasites,  such  as  Beech-Drops,  Pine-Sap, 
&c^  are  those  which  are  destitute  of 
green  herbage,  and  are  usually  of  a 
white,  tawny,  or  reddish  hue ;  in  fact, 
of  any  color  except  green.  These 
strike  their  roots,  or  sucker-shaped 
discs,  into  the  bark,  mostly  that  of 
the  root,  of  other  plants,  and  thence 
draw  their  food  from  the  sap  already 
elaborated.  They  have  accordingly 
no  occasion  for  digestive  organs  of 
their  own,  L  e.  for  green  foliage. 
The  Dodder  (Fig.  147)  is  a  common 
plant  of  this  kind  which  is  parasitic 
above  ground.  Its  seeds  germinate 
in  the  earth;  but  when  the  slender 
twining  stem  reaches  the  surrounding 


TIO.  147.  The  common  Dodder  of  the  Northern  States  (Cutouta  OronoTii),  of  the  natural 
rfa»,  puasitfe  npon  the  stem  of  an  herb :  the  nneolled  portion  at  the  lower  end  shows  the 
mode  of  its  attachment.  148.  The  coiled  embryo  taken  Arom  the  seed,  moderately  magnified. 
149.  The  8»me  in  germination  i  the  lower  end  elongating  into  a  root,  tlM  upper  into  a  thrsad- 
Btte  leafless  stem. 

8« 


Digitized  by 


Google 


'90  THs  ro5t. 

herbage,  it  forms  suckers,  which  attach  themselves  firmly  to  the 
surface  of  the  supporting  plant,  penetrate  its  epidermis,  and  feed 
upon  its  juices ;  while  the  original  root  and  base  of  the  stem  perish, 
and  the  plant  has  no  longer  anj  connection  with  the  soil.  Thus 
stealing  its  nourishment  ready  prepared,  it  requires  no  proper  diges- 
tive organs  <^  its  own,  and,  consequently,  does  not  produce  leaves. 
This  economy  is  foreshadowed  in  the  embryo  of  the  Dodder,  which 
is  a  naked  thread  spirally  coiled  in  the  seed  (Fig.  148,  149),  and 
presenting  no  vestige  of  cotyledons  or  seed-leaves.  A  species  of  Dod- 
der infests  and  greatly  injures  flax  in  Europe,  and  sometimes  makes 
its  appearance  in  our  own  flax-fields,  having  been  introduced  with 
the  imported  seed.  Such  parasites  do  not  live  upon  all  plants  in- 
discriminately, but  only  upon  those  whose  elaborate  juices  furnish  a 
propitious  nourishment.  Some  of  them  are  restricted,  or  nearly  so, 
to  a  particular  species ;  others  show  little  preference,  or  are  found 
indifferently  upon  several  species  of  different  families.  Their  seeds, 
in  some  cases,  it  is  said,  will  germinate  only  when  in  contact  with 
the  stem  or  root  of  the  species  upon  which  they  are  destined  to  live. 
Having  no  need  of  herbage,  such  plants  may  be  reduced  to  a  stalk 
bearing  a  single  flower  (Fig.  965)  or  a  cluster  of  flowers  (Fig.  968), 
or  even  to  a  single  blossom  developed  fnnn  a  bud  directly  parasitic 
on  the  bark  of  the  foster  plant.  Of  this  kind  are  the  several  species 
of  Pilostyles  (parasitic  flowers  on  the  shoots  of  Leguminous  plants) 
in  Tropical  America,  one  species  of  which  was  recently  discovered 
by  Mr.  Thurber  near  the  southern  borders  of  New  Mexico.  Here 
the  flowers  are  small,  only  about  a  quarter  of  an  inch  in  diameter. 
The  most  wonderful  plant  of  this  kind  is  that  vegetable  Titan,  the 
Hafilesia  Amoldi  of  Sumatra  (Fig.  150),  which  grows  upon  the 
stem  of  a  kind  of  Grape-vine.    It  is  a  parasitic  flower,  measuring 


no.  IfiO.    RaiBasU  Amoldi ;  an  expanded  flower,  and  a  tmd,  dinetlj  pandtie  on  Uie  stem 
of  a  Tine :  reduced  to  the  scale  of  half  an  Inch  to  a  foot. 
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iiise  feet  in  ehrciimfereiioe,  and  we^hing  fifteen  poonds !    Its  color 
is  light  orange,  mottled  with  yellowisli-white. 

158*  Among  Cr3rplogamous  plants,  nnma^oos  Fmigi  are  parasitic 
npoo  living^  especiallj  upon  languisbtng  vegetables;  others  infest 
living  animals;  the  rest  feed  on  dead  or  decaying  vegetable  or 
animal  matters;  all  are  destitute  of  chlorophyll  or  anything  like 
green  herbage.  It  is  probable  that  our  Monotrc^pa,  or  Indian  I^pe, 
a  pallid  Piuenogamous  plant,  looking  like  a  Fungus,  actually  lives 
like  one,  and  draws  its  nourishmenty  at  least  m  great  part,  from  the 
decaying  leaves  among  which  it  grows. 


CHAPTER    IV. 

OP  THE  STEM,  OB  ASCENDING  AXIS. 
Sect.  L    Its  Qbnxrai:.  Charactsristics  ANn  Mods^  of  Growth. 

154.  The  Stem  is  the  ascending  axis,  or  that  portion  of  the  1 
whidi  in  the  embryo  grows  in  an  opposite  direction  from  the 
seeking  the  light,  and  exposing  itself  as  much  as  possible  to  the  i 
All  Phasnogamons  plants  (114)  possess  stems.  In  those  which 
said  to  be  acauleteenij  or  $tende$Sy  it  is  either  very  short,  or  conceall 
beneath  the  ground.  Although  the  st^n  always  takes  an  ascending 
direGti<m  at  the  commencement  of  its  growth,  it  does  not  uniformly 
retain  it ;  but  sometimes  trails  along  the  surface  of  the  ground,  or 
burrows  beneath  it,  sending  up  branches,  flower-stalks,  or  leaves 
into  the  air.  The  common  idea,  that  all  the  subterranean  portion 
of  a  plant  belongs  to  the  root,  is  by  no  means  correct. 

155.  The  root  gives  birth  to  no  other  organs,  but  itself  directly 
performs  those  functions  which  pertain  to  the  relations  of  the  vege* 
table  with  the  soil ;  —  its  branches  bind  the  plant  to  the  earth ;  its 
newly  formed  extremities  or  rootlets  imbibe  nourishment  from  it. 
But  the  aerial  functions  of  vegetation  are  chiefly  carried  on,  not  so 
much  by  the  stem  itself  as  by  a  distinct  set  of  organs  which  it  bears, 
namely,  the  leaves.     Hence,  the  production  of  leaves  is  one  of  the 
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characteristics  of  the  stenu    These  are  produced  only  at  certain 
definite  and  symmetrically  arranged  points,  called 

156.  N6dM|  literally  knoUy  so  named  because  the  tissues  are  here 
more  or  less  condensed,  interlaced,  or  interrupted,  as  is  con^ieoous- 
ly  seen  in  the  Bamboo,  in  a  stalk  of  Indian  Com,  or  of  any  other 
Grass.  Here  each  node  forms  a  complete  ring,  because  the  leaf 
arises  from  the  whole  circumference  of  the  stem  at  that  place. 
When  the  base  of  the  leaf  or  leafstalk  occupies  only  a  part  of  the 
circumference,  the  nodes  are  not  so  distinctly  marked,  except  by 
the  leaves  they  bear,  or  by  the  scars  left  by  their  &11  (Fig.  151,  &c) 
They  are  often  called  joints,  and  sometimes,  indeed,  the  stem  is 
actually  jointed^or  artieulatedy  at  these  points ;  but  commonly  there 
is  no  tendency  to  separate  there.  Each  node  bears  either  a  single 
leaf  (as  in  Fig.  Ill,  121,  &c),  or  two  leaves  placed  on  opposite 
sides  of  the  stem  (as  in  Fig.  107),  or  else  three  or  more,  placed  in 
a  ring  (in  botanical  language,  a  whorl  or  verticil)  around  the  stem. 
The  naked  portions  or  spaces  that  intervene  between  the  nodes  are 
termed 

157.  Intfrnodeif  The  undeveloped  stem  is,  in  fact,  made  up  of  a 
certain  number  of  these  leaf-bearing  points,  separated  by  short  in- 
tervals ;  and  its  growth  consists,  primarily,  in  the  successive  elonga- 
^on  of  these  intemodes  so  as  to  separate  the  nodes  more  or  less,  and 

ow  the  leaves  to  expand. 
^  158.  This  brings  to  view  the  leading  peculiarity  of  the  stem ; 

pely,  that  it  is  formed  of  a  succession  of  umilar  parts,  devel<^)ed 
upon  the  summit  of  another,  each  with  its  own  independent 

owth.  Each  developing  intemode,  moreover,  lengthens  through- 
out its  whole  body,  unlike  the  root,  which  elongates  continuously 
from  its  extremity  alone  (121).  To  have  a  good  idea  of  this,  we 
have  only  to  observe  the  gradual  evdution  of  a  germinating  plant, 
where  each  intemode  develops  nearly  to  its  full  length,  and  ex- 
pands the  leaf  or  pair  of  leaves  it  bears,  before  the  elongation  of 
the  succeeding  one  commences.  As  already  desmbed  (120,  &c), 
the  radicle,  or  intemode  which  pre-exists  in  Uie  embryo,  elongates, 
and  raises  the  seed-leaves  into  the  air ;  they  expand  and  elaborate 
the  material  for  the  next  joint,  the  leaves  of  which  in  turn  prepare 
the  material  for  the  third,  and  so  on.  The  intemode  lengthens 
principally  by  the  elongation  of  its  already  formed  ceUs,  particularly 
in  its  lower  part,  which  continues  to  grow  after  the  upper  portion 
has  finished* 
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159.  Bods.  The  apex  of  the  stem,  accordingly,  is  always  crowned 
with  an  undeveloped  portion,  with  rudimentary  parts  similar  to 
those  already  mifblded,  that  is,  with  a  Bud.  The  embryo  itself 
may  be  viewed  as  an  intemode  (the  radicle)  bearing  the  fundamental 
bod  (the  plumule)  on  its  apex,  from  which  the  whole  plant  is  de- 
veloped, just  as  an  ordinary  bud  of  a  tree  or  shrub  develops  to 
form  the  growth  of  the  season.  Except  that,  in  the  latter  case,  the 
difibrent  steps  foHow  each  other  more  closely ;  for  the  bud  usually 
has  a  considerable  number  of  parts  ready  formed  in  miniature  before 
it  begins  to  grow,  and  has  a  full  store  of  assimilated  sap  accumulated 
in  the  parent  stem  to  feed  upon.  This  is  no  less  the  case  in  many 
strong  embryos  highly  developed  in  the  seed,  and  supplied  with 
abundant  nourishment,  either  in 
the  cotyledons,  as  in  the  Pea 
(Fig.  119)  and  Oak  (Fig.  120), 
or  in  the  albumen,  as  in  Indian 
Com  (Fig.  126-130).  The 
strong  buds  which  in  many 
shrubs  and  trees  crown  the 
apex  of  a  stem  when  it  has 
completed  its  growth  for  the 
season,  oflen  exhibit  the  whole 
plan  and  amount  of  the  next 
yearns  growth;  the  nodes,  and 
even  the  leaves  they  bear,  being 
already  formed,  and  only  re- 
quiring the  elongation  of  the 
intemodes  for  their  full  ex- 
pansion. This  is  rudely  shown 
in  the  annexed  diagrams.  Fig. 
151,  152.  As  the  bud  (Fig. 
158)  is  well  supplied  with 
nourishment  in  spring  by  the 
stem  on  which  it  rests,  its  axis  elongates  rapidly ;  and  although  the 
growth  commences  with  the  lowest  intemode,  yet  the  second,  third, 


7IO.  151.    DtegTMn  of  the  T«Hioal  Motion  of  a  itroog  bod,  foeh  m  that  of  Iloneehestnnt. 

7X0.  152.  Tbo  axil  of  the  aaiM  dereloplng,  the  elongation  beginning  with  the  lowest  Inter- 
Mde,  aooo  IbOowed  hjr  the  othets  in  wceewion. 

FIO.  158.  A  year*!  growth  of  Horwchestnnt,  crowned  with  a  terminal  Irad  :  a,  lean  left 
hj  the  bod-eealee  of  the  preTioos  year :  h.  scare  left  by  the  fUlen  leafatalki :  e,  azillaiy  bads. 

flG.  164.    Bnaeh  and  bads  (aU  axillaiy)  of  the  lilac. 
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and  fourth  internddes,  &&  have  began  to  lengthen  long  before 'tiie 
first  has  attained  its  full  growth.     The  stem  thus  continued  from 
a  terminal  bud  is,  if  it  survive^  again  terminated  with  a  similar  bud 
IS  iH       at  the  close  of  the  season,  which  in  its 

development  repeats  the  same  process. 
A  set  of  narrow  rings  on  the  bark 
(Fig.  153,  a)  oonunonlj  mark  the  limit 
of  each  year's  growth.  These  are  the 
scars  left  by  the  fall  of  the  scales  of 
the  bud ;  and  these,  in  the  Horsechest- 
nut,  and  other  trees  with  large  scaly 
buds,  may  be  traced  back  on  the  stem 
for  a  series  of  years,  growing  fainter 
with  age,  nntil  they  are  at  length  ob- 
literated by  the  action  of  the  weather 
and  the  distention  caused  by  the  in- 
crease of  the  stem  in  diameter.  The 
same  is  the  case  with  the  more  con- 
spicuous leaf-9car$y  or  marks  on  the 
bark  left  by  the  separation  of  the  leaf- 
stalk, which  are  fbr  a  long  time  con- 
spicuous on  the  shoots  of  the  Horse- 
chestnut  (Fig.  153,  &)  and  the  Mag- 
nolia (Fig.  155). 

160.  A  bod,  theref<»^  is  nothing 
more  than  the  first  stage  in  the  de- 
velopment of  a  stem,  with  the  axis  still 
so  short  that  the  rudimentary  leaves 
within  successively  cover  each  other, 
while  the  whole  is  covered  and  pro- 
tected by  the  scales  without.  Buds 
vary  greatly,  however,  in  size,  ap- 
pearance, and  degree  of  development. 
Those  of  many  shrubs  and  trees  are 
minute,  and  hidden  by  the  bark  until 
their  vernal  growth  commences,  as  in 

no.  166.  Bmneh  of  lU^adOA  UmbroUa,  of  Um  satanl  ri»,  erowiMd  with  Um  termlMl 
bad ;  and  bdow  sshlUtiDg  Um  large,  rounded  leaf-eeart,  as  wall  aa  ttie  rlngi  or  annular  aoart 
MtbjttMfUlofttM  bud-aeakaof  thapraviooanaMm.  16S.  A  datacbwl  acale  f rom  a  aknilur 
bod;  ItaUiickanedaxiay  UiabaMof  aleafoUlk;  iUe mambnaoiM aldea ooorirt  of  Um  pair  oC 
•tipiik>. 
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Sumac,  Locust,  Honey-Locust  (Fig.  1G4),  &c:  in  these  buds  the 
parts  are  few  and  very  rudimentaiy,  and  are  mostly  formed 
as  they  develop.  In  eome,  they  are  naketiy  that  is,  are  entirely 
destitute  oi  protecting  scales,  and  exhibit  the  forming  leaves  directly 
exposed  to  the  air,  just  as  they  are  in  herbs*  This  occurs  in  many 
tn^icai  trees,  but  not  in  all,  and  in  some  shrubs  of  cold  climates, 
such  as  our  Viburnum  nudum  and  Y.  lantanoides.  But  the  greater 
number  of  plants  which  have  a  wintar  to  endure  are  provided  with 
secdjf  buds.  Those  of  Beech  and  Hickory,  as  well  as  of  Horsechest- 
nut  and  Miignolia  akeady  inferred  to,  are  conspicuous  and  well- 
developed  examples.  The  scales  serve  to  protect  the  tender  parts 
within  against  injury  from  iQoisture  and  from  sudden  changes  in 
temperature  during  the  dormant  state.  To  ward  off  moisture  more 
effectually,  they  are  sometimes  coated  with  a  waxy,  resinous,  or 
balsamic  exudation,  as  is  conspicuous  on  the  scales  of  the  Horse- 
chestnut,  Balsam-Poplar  or  Balm  of  Gilead,  and  Balsam-Fir.  To 
guard  against  sudden  changes  of  temperature,  they  are  often  lined, 
or  the  rudimentary  leaves  within  invested  >nlh  non-conducting 
down  or  wooL 

16L  The  bud-scaks  themselves  are  leaves  in  a  modified  state. 
This  is  evident  from  their  situation  and  arrangement,  which  are 
the  same  as  of  the  proper  leaves  of  the  species,  and  by  the  gradual 
transitions  from  the  former  to  the  latter  in  many  plants.  In  the 
iurtonSf  or  subterranean  budding  shoots  of  numerous  perennial 
herbs,  and  in  the  unfolding  buds  of  the  Lilac  and  Sweet  Buckeye 
(JEsculus  parvifbra),  every  gradation  may  be  traced  between  bud- 
scales  and  foliage,  showing  that  no  absolute  line  can  be  drawn  be- 
tween them,  but  tlmt  the  two  are  essentially  of  the  same  nature,  i.  e. 
are  different  modifications  of  the  same  organ. 

162.  Plan  of  Tegelatioi.  In  fact,  a  simple  stem  bears  nothing  but 
leaves  in  some  form  or  other,  and  its  branches  are  only  repetitions 
of  itself,  following  the  same  laws.  The  embryo  consists  of  a  pri- 
mary joint  of  stem  crowned  with  a  bud,  the  first  leaves  or  leaf  of 
which  takes  the  special  form  of  cot^edons ;  the  following  ones  de- 
velop as  ordinary  foliage,  and  leaf  afler  leaf,  or  pair  afler  pair,  is 
formed  and  elevated  ppon  the  successive  intemodes  as  the  stem  is 
built  up.  At  the  close  of  the  growing  sea<on,  if  the  stem  is  to 
endure,  this  is  terminated,  as  it  began,  by  a  bud ;  and  the  bud-scales, 
if  any,  are  leaves  developed  in  this  peculiar  form,  subservient  to 
protection  alone,  and  borne  upon  nodes  which  are  never  separated 


Digitized  by 


Google 


96 


THE  STEM. 


by  elongation  of  the  intemodes.  With  the  ensuing  spring  growth 
recommences,  and  another  set  of  intemodes,  and  of  nodes  bearing 
ordinary  leaves,  form  the  second  year's  growth,  like  the  first ;  and 
so,  by  annual  increments,  a  simple  leafy  stem  is  developed  and 
carried  up.  Not  only  is  the  whole  stem  growing  from  year  to  year 
thus  composed  of  a  succession  of  similar  growths,  each  the  ofispring 
of  the  preceding  and  the  parent  of  the  next, 
but  also  each  annual  growth  itself  consists  of  a 
lineal  succession  of  similar  parts,  viz.  of  leaf^ 
bearing  joints  of  stem,  developed  each  upon  its 
predecessor,  and  in  turn  surmounted  by  the 
next  in  the  series.  These  similar  parts,  which 
by  their  repetition  make  up  the  Phasnogamous 
plant,  have  been  termed 

163.  PhytOBt  (from  the  Greek  ^imJr,  plant), 
or  plant-elements^  The  first  phyton  is  the 
radicle  of  the  embryo,  with  its  cotyledon  or 
pair  of  cotyledons,  from  its  base  developing  the 
root,  from  above  expanding  its  leaf  or  pair  of 
leaves  (as  already  described  in  detail,  119  — 
122),  and  then  giving  birth  to  the  next  phytcm, 
or  joint  of  stem  and  leaf,  and  so  on,  in  lineal 
succession.  So  that  the  whole  herb,  shrub,  or 
tree,  as  to  its  upward  growth,  is  a  multiplica- 
tion of  the  simple  plantlet  it  began  with  as  it 
developed  from  the  seed.  Moreover,  any  joint 
of  stem,  when  favorably  situated  for  the  pur^ 
pose,  may  produce  secondary  roots  (142),  and 
thus  complete  the  vegetable  individuality,  hav* 
ing  aU  the  organs  of  v^etation  (116). 

164.  The  repetition  of  these  similar  parts  in 
**^  the  direct  line,  each  from  the  summit  of  its  pre- 
decessor, builds  up  a  simple  or  main  stem,  to  which  many  plants  are 
restricted  during  the  first  year's  growth,  and  some,  such  as  Palms 
and  Reeds,  throughout  their  whole  existence.  Their  production 
from  new  starting-points  gives  rise  to  branches, 

flO.  157.    DtegTMn  of  a  tlBple-ttemiMd  plant,  Uka  »  Oibm,  and  cf  the  tiinUar  parts,  or 
phjtoni,  a  to  f,  of  which  it  !•  oompoMd. 
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Sect.  IL    Ramification. 


165.  BnndRt  spring  from  IcUercU  or  axtllcay  hud$.  These  are 
new  growing  points,  which  habitually  appear,  or  at  least  may  ap- 
pear, one  (or  occasionally  two  or  three)  in  the  axil  of  each  leaf,  — 
that  is,  in  the  upper  angle  which  the  leaf  forms  with  the  stem.  (See 
Fig.  153,  c,  where  the  point  at  which  the  fallen  leaves  were  attached 
is  marked  by  the  broad  scar,  i,  just  below  the  bud.)  When  these 
buds  grow,  they  give  rise  to  Branches  ;  which  are  repetitions,  as  it 
were,  of  the  main  stem,  growing  just  as  that  did  from  the  seed ;  ex- 
cepting merely,  that,  while  that  was  implanted  in  the  ground,  these 
proceed  from  the  parent  stem.  The  branches  are  in  turn  provided 
with  similar  buds  in  the  axils  of  their  leaves,  capable  of  developing 
into  branches  of  a  third  order,  and  so  on  indefinitely,  producing  the 
whole  ramification  of  the  plant  The  ultimate  ramifications  are 
termed  Branchlets. 

166.  The  arrangement  of  axillary  buds  depends  upon  that  of  the 
leaves.  When  the  leaves  are  opposite  (that  is,  two  on  each  node, 
placed  on  opposite  sides  of  the  stem),  the  buds  in  their  axils  are 
consequently  opposite ;  as  in  the  Maple,  Horsechestnut  (Fig.  153), 
lilac  (Fig.  154),  &c  When  the  leaves  are  alternate^  or  one  upon 
each  node,  as  in  the  Apple,  Poplar,  Oak,  Magnolia  (Fig.  155),  Ac, 
the  buds  implicitly  follow  the  same  arrangement  Branches,  there- 
fore, being  developed  axillary  buds,  their  arrangement  follows  that 
of  the  leaves.  When  the  leaves  are  alternate,  the  branches  will  be 
alternate ;  when  the  leaves  are  opposite,  and  the  huds  develop  regU' 
iarfyy  the  branches  will  be  opposite.  But  the  perfect  symmetry  of 
the  ramification,  thus  provided  for,  is  frequently  obscured  by  the 

167.  Moii-deTelopmeiit  of  some  of  the  Bnds.    As  the  original  bud  of 

the  embryo  remains  for  a  time  latent  in  the  seed,  growing  only 
when  a  conjunction  of  favorable  circumstances  calls  its  life  into 
action,  so  also  many  of  the  buds  of  a  shrub  or  tree  may  remain 
latent  for  a  long  time,  and  many  of  them  fail  to  grow  at  all.  In  our 
trees,  most  of  the  lateral  buds  generally  remain  dormant  for  the  first 
season :  they  appear  in  the  axils  of  the  leaves  early  in  summer,  but 
do  not  grow  into  branches  until  the  following  spring ;  and  even  then 
Mily  a  part  of  them  usually  grow.  Sometimes  the  failure  occurs 
without  appreciable  order;  but  it  often  follows  a  nearly  uniform 
rule  in  each  species.  Thus,  when  the  leaves  are  opposite,  there  are 
9 
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usually  three  budd  at  the  apex  of  a  branch ;  namely,  the  terminal, 
and  one  in  the  axil  of  each  leaf;  but  it  seldom  happens  that  aH 
three  develop  at  the  same  time.  Sometimes  the  terminal  bud  con- 
tinues the  branch,  the  two  lateral  generally  remaining  latent,  as  in 
the  Horsechestnut  (Fig.  153) ;  sometimes  the  terminal  one  regu- 
larly fails,  and  the,  lateral  ones  grow,  when  the  stem  annually  be- 
comes two-forked,  us  in  the  Lilac  (Fig.  154).  The  undeveloped 
buds  do  not  necessarily  perish,  but  are  ready  to  be  called  into  acdon 
in  case  the  others  are  checked.  When  the  terminal  buds  are 
destroyed,  some  o(  the  lateral,  that  would  else  rem^n  dormant, 
develop  in  their  stead,  incited  by  the  abundance  of  nourishment, 
which  the  former  would  .have  monopolized.  In  this  manner  our 
trees  are  soon  reclothed  with  verdure,  after  their  tender  foliage  and 
branches  have  been  killed  by  a  late  vernal  frost,  or  other  injury. 
And  buds  which  have  remained  latent  for  several  years  occasionally 
shoot  forth  into  branches  from  the  sides  of  old  stems.  Such  brandi- 
es, however,  more  commonly  originate  from  irregular,  accidental,  or, 
as  they  are  named 

168.  AdTentitioot  Bads.  It  has  been  already  remarked,  that  roots, 
although  naturally  destitute  of  buds,  do  yet  produce  them  in  certain 
plants,  especially  when  wounded  (139).  So  likewise  do  the  stems 
of  ^me  shrubs  and  trees,  especially  when  surcharged  with  sap,  as 
is  commonly  seen  in  Willows  and  Lombardy  Poplars.  Here  buds 
break  out  habitually  on  the  sides  of  trunks,  at  least  when  they  are 
wounded  or  poUardedj  or  spring  from  the  cut  surface  where  the  bark 
and  wood  join.  These  adventitious  buds  do  not  originate  from 
nodes,  nor  affect  any  order  in  their  appearance,  but  are  wholly 
casual  as  to  the  point  of  origin.  Thus  the  predestined  symmetry  of 
the  branches  is  obscured  or  interfered  with  in  two  distinct  ways; 
first,  by  the  failure  of  a  part  of  the  regular  buds  to  develop ;  and 
secondly,  by  the  irregular  and  casual  development  of  buds  from 
other  parts  than  the  axils  of  the  leaves :  to  which  we  may  add,  that 
great  numbers  of  branches  perish  and  fall  away  afler  they  have  be* 
gun  to  grow.  There  is  still  another  source  of  irregularity,  namely, 
the  production  of 

169.  Aeeetsory  Sods*  These  are,  as  it  were,  mvUipUcationt  of  the 
regular  axillary  bud,  giving  rise  to  two,  three,  or  more  buds,  instead 
of  one ;  in  some  cases  situated  one  above  another,  in  others  side  by 
side.  In  the  latter  case,  which  occurs  occasionally  in  the  Hawthorn, 
in  certain  Willows,  in  the  Maples  (Fig.  158),  &C.,  the  axillary  bud 
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to  divide  into  three,  or  itself  give  rise  to  a  lateml  bcid  on 
each  Bide.  On  some  shoots  of  the  Tartarean  Honeysuckle  (Fig, 
160)  h<om  three  to  six  buds  appear  in 
each  aadl,  one  above  another,  the  lower 
being  siiooessivelj  the  stronger  and  earlier 
ftrodoced,  and  4he  one  immediately  in  the 
axil,  ther^re^  grows  in  preference :  oc- 
casionally two  or  more  of  them  grow,  and 
superposed  accessory  branches  result.  It 
IS  moch  the  same  hi  Arislolochia  Sipho^ 
except  thai  the  uppermost  bud  is  there 
strongest.  So  it  is  in  the  Butternut  (Fig. 
J59),  where  the  true  axillary  bud  is  mi- 
nute and  usually  remains  latent,  while  the 
accessory  ones  are  considerably  remote^ 
and  the  uppermost,  which  is  much  the 
stronger  is  fttf  out  of  the  axil;  this 
usually  develops,  and  gives  rise  to  an 
idaUra'OseillwyhnMictL 
.   170.  Eieoroit  vA  MiqoeieeBt  Stemi. 

JSometimes  the  primary  axis  is  prolonged 

without   intemiption,  by  the  continued 

evolution  of  a  terminal  bud,  even  through 

the  whole  life  of  a  tree  (unless  acciden« 

tally  destroyed),  forming  ^  undivided 

main  trunk,  from  which  lateral  branches  proceed ;  as  in  most  Firr 

trees.    Such  a  trunk  is  said  to  be  excurrent    In  other  cases  the 

main  stem  is  arrested,  sooner  or 
later,  either  by  flowering,  by  the 
failure  of  the  terminal  bud,  or  by 
the  more  vigorous  devek>pment 
of  MHne  ff  the  lateral  byds;  and 
thus  the  trunk  is  dissolved  into 
branches,  or  is  deUquescenty  as  in 
^  the  White  Elm  and  in  most  of 

•our  decidnous-leaved  trees.    The  first  naturally  gives  rise  to  conical 

'    no.  IfiS.    Brftoch  of  BMMapKwIUi  triple  AzniaryboOfjptaeedikUVjrtMt. 

ISO.  IW.    Pl«»  «r  ft  bnach  i»f  iU  Battenint,  vHh  mimit  bodt  plMtd  om  ateM 
«OoUier :  «,  Um  kftf-tcftr :  6,  proper  .asUkry  bod    e,  d,  aeeeMory  boda. 

TIG.  160.    Part  cC  a  braneh  of  Tartarsan  Honejiackle,  witb  crowded  mtmmwj  bods  Ip 
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#r'  fi^ifie-iifaiiped  tre^;  the  second,  to  rounded  er  spreading 
As  stems  extend  vpward  and  evolve  new  brandies,  those  near  the 
base,  being  overshadowed,  are  apt  ta  perish,  and  tht»  the  tmmk  b^ 
eomes  naked  below.  This^  is  well  seen  in  the  exourrent  tranks  of 
iirs  and  Fhies,  which,  when  grown  in  forest,  seem*  to  have  been 
branchless  for  a  great  height*  But  the  knot»  in  the  centre  of  thf 
trunk  are  the  bases  of  branches,  which  have  long  since  perished^ 
and  have  been  covered  with  a  greirt  number  of  annual  lajers  of 
wood,  forming  the  clear  sttfff^  of  the  trunk. 

171.  BefiDlto  mi  Mefliite  iuvil  flriwtt  rf  Bnidiei.    In  the 

larger  number  of  our  trees  and  shrubs,  especially  those  with  scaly 
buds,  the  whole  year's  growth  is  either  already  laid  down  rudi- 
mentaHy  in  the  bud  (159)^  or  else  i»  early  formed^  and  the  develop 
ment  is  completed  long  before  the  end  of  summer ;  when  the  ehoet  is 
crowned  with  a  vigorous  terminal  bud,  as  in  the  Honediestant  (Fig* 
15d)  and  Magnolia  (Fig.  155),' or  with  the  uppermost  axillary  boda^ 
as  in  the  Eilac  (Fig.  154)  and  Elm.  Such  definite^  shoots  do  not 
die  down  at  all  the  fdlowing  winter,  but  grow  on  directly,  the  next 
spring,  from  these  terminal  or  upper  buds,  whieh  are  generally  more 
^rigorous  ^lan  those  lower  down.  In  other  cases,  on  the  contnuy, 
the  Wanches  grow  onward  ind^mUehf  throu^  the  wh^  summ^ 
or  until  arrested  by  the  cold  of  autnnm :  tiiey  matore  no  buds  at  or 
near  their  .summit ;  or  at  kast  the  lower  and  ^der  axilkry  buds 
are  more  vigorous,  and  alone  develop  into  branches  the  next  sjunng; 
the  later-formed  upper  portion  most  commonly  perilling  fiom  the 
apex  downward  for  a  certain  length  in  the  winter*  The  Bose  and 
Baspborfyy  and  amoi^  treea  the  Sumac  and  Hon^  Locust,  are 
good  illustnitions  of « this  sort;  and  so  are  most  perennial  herbs, 
their  stems  dying  down  to.  or  beneadi  the  surface  of  the  ground, 
where  the  persistent  base  is  charged  with  vigorous  buds,  weU  pro- 
tected by  the  ground,  for  the  next  year's  v^^etadon. 

17^  FropiglUMI  frlNH  Bids.  Buds,  bemg,  as  it  w^re,  new  indi- 
viduals  springing  from  the  original  stem,  may  be  removed  and 
attached  to  other  parts  of  the  parent  trunk,  or  to  that  of  another 
individual  of  the  same,  or  even  of  a  different,  but  nearly  related 
apecies,  where  they  will  grow  equally  welL  This  is  directly  accom- 
plished in  the  operation  of  hudding.  In  ingTrafiingj  the  bud  is 
tamaferred,  along  with  a  portion  of  the  shoot  on  which  it  grew. 
Moreover,  as  the  cut  end  of  such  shoots,  when  buried  in  moist  and 
warm  soil,  will  commonly,  under  due  care,  send  out  advendtioua 
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'liMto^  ibej-jaaj  be  made  to  grow  indBpeodently,  dsawing  ihtt|r 
nourishmeot  immediately  ftom  tiie  aoily  iii9lead  of  indireetly  throu^ 
the  parent  trunk.  This  is  done  in  the  t^^opagation  of  piaats  bj 
«attii^s.  The  great  importance  of  these  hortieukural  operations 
^depends  diiefly:oii  the  welMmewn  fod,  thai  buds  propagate  iruU-- 
tfidmd  p^euUaride*^  which  are  oommonly:  loat  in  raising  plants  iboDt 
iheseed. 


Sbct.  HL    The  Kini>s  o?  Stem  avd  Brjjiohxs. 

173^  Oir  the  size  and  dnrataon  of  the  stem  the  oldest  and  most 
obrioiM  divisioQ  of  plants  is  founded,  namel/i  ante  Hei^  Shrubs^ 
andTrees. 

174.  fleikt  are  plants  in  which  the  stem  does  not  beedme  woodj 
and  persisteat,  but  dies  ammally  or  afier  flowwng,  down  to  the 
ground  at  least  The  dtfierenoe  between  wnma^  Hemmitdf  ani 
perennial  herbs  has  already  been  pointed  out  (144-146).  The 
«ame  sipedes  b  so  often  either  annual  or  biennial^  aooording  to  eiD* 
eumstanoes  or  the  mode  <^  management,  that  it  is  eonveaient  to 
liare  a  common  nan^e  for  plants  that  flower  and  fruit  but  onee^  si 
'Whatever  period,  and  then  perish^  su6h  De  Canddle  aooording 
designated  as  Mokocabpic  plants;  while  to  perennials,  whether 
herhaceoui  or  vfood^  large  or  small,  he  i^pHed  the  oounterpart 
tiame  of  Poltcarpic  plants,  sonifying  that  thej  bear  fruit  sia 
indefinite  number  of  times. 

175.  DDdeisknillS,  or  $uffruti€9$e  plants,  are  woody  ]^ants  of  faum^ 
ble  stature,  their  stems  rising  httle  abore  the  surfaee.  If  less 
decidedly  woody,  they  are  tenned  mffruUteenU 

17(L  Shnibl  are  woody  plants,  with  stems  Inanched  fixmior  near 
the  ground,  and  less  than  five  times  the  height  of  a  man.  Between 
shrubs  and  trees  there  is  every  intermediade  giadation.  A  shrub 
whidi  approaches  a  tree  in  size,  or  imitates  it  in  aspect,  is  said  to 
htaHnre9emiL 

177.  Trci  are  woody  plants  with  single  trunks,  which  attain  at 
least  five  times  the  human  stature. 

178.  A  Colm  is  a  name  applied  to  the  peculiar  jointed  stem  of 
Grasses  and  Sedges,  whether  herbaceous,  as  in  most  Crrasses,  ot 
woody  or  arborescent,  as  in  the  Bamboo. 

179.  A  CiOdex  is  a  name  usually  applied  to  a  Palin-stem  (Fi^ 

9* 
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184),  to  tfiat  of  a  TVee  Fern  (Fig.  100),  and  to  my  perdBtenf, 
erect  or  ascending,  root-like  forms  of  main  stems. 

180.  Those  stems  which  are  too  weak  to  stand  upright,  but  le* 
cline  on  the  ground,  rising,  however,  towards  the  extremity,  are 
i^id  to  be  decumbent:  if  they  rise  obliqnelj  from  near  tiie  base, 
they  are  said  to  be  aecending.  When  thej  trail  flat  on  the  ground 
they  are  procumbent^  prottratey  or  running  ;  and  when  such  sterna 
strike  root  from  their  lower  suiface,  as  they  are  i^  to  do^  they  are 
said  to  be  creeping^  or  repent.  They  are  dimhing  when  they  cling 
to  neighboring  objects  for  support;  whether  by  tendrils,  as  the 
Vine  and  Passion-flower,  by  their  lea&talks,  as  the  Virgin's  Bower 
(Clematis),  or  by  aerial  rootlets,  as  the  Poison  Oak  (Rhus) ;  and 
tunning^  or  voluble  plants,  when  they  rise,  like  the  Conyolvulus,  by 
coiling  spirally  around  stems  or  other  bodies  within  tbetr  readv 
Other  modifications  of  the  stem  or  branches  have  received  particu- 
lar names,  some  of  which  merit  notice  from  having  undoubtedly  su^ 
gested  several  operations  by  whidi  the  cultivator  multiplies  plants. 

181.  A  Stoloil  is  a  brandi  which  naturally  ciirves  or  falls  down  to 
the  ground,  where,  &vored  by  shade  and  moisture,  it  strikes  root, 
and  then  forms  an  ascending  stem,  capable  of  drawing  its  nourishi- 
ment  directly  from  the  soil,  and,  by  the  perislung  of  the  portion 
which  connects  it  with  th6  parent  stem,  at  length  acquiring  an 
entirely  separate  existence.  The  Currant,  Gooseberry,  ^cc,  multi- 
ply in  this  way,  and  doubtless  suggested  to  the  gardener  the  oper»> 
tion  of  layering ;  in  which  he  not  only  takes  advantage  of  and 
accelerates  the  attempts  of  nature,  but  incites  it  in  species  which  do 
not  ordinarily  multiply  in  this  manner. 

182.  i  tucker  is  a  branch  of  subterranean  origin,  which,  after  run- 
ning horizontally  and  emitting  roots  in  its  course,  at  length,  followr 
ing  its  natural  tendency,  rises  out  of  the  ground  and  forms  an  erect 
stem.  The  Eose,  the  Raspberry,  and  the  Mint  afibrd  fiuniliar  illus- 
trations, as  well  as  many  other  species  which  shoot  up  stems  **•  from 
the  root,"  as  is  generally  thought,  but  really  from  subterranean 
branches.  Cutting  off*  the  connection  with  the  original  root»  the 
gardener  propagates  such  plants  by  division. 

183.  A  Eoniiery  of  which  the  Strawberry  furnishes  the  most  familiar 
example,  is  a  prostrate,  slender  branch,  sent  ofl*  from  the  base  of  the 
parent  stem,  which  strikes  root  at  its  apex,  and  produces  a  tuil  of 
leaves ;  thus  giving  rise  to  an  independent  plant  capable  of  extend^ 
ing  itself  in  the  same  mannen 
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1B4.  Ill  OfllKt  is  a  Bunilar,  but  short,  prostrate  branch,  with  a  tufV 
of  leaves  at  the  end,  which,  resting  on  the  ground,  there  takes  root, 
and  at  length  becomes  independ* 
ent;  as  in  the  Hooseleek. 

185.  A  Tendril  is  commonly  a 
thread-like,  leafless  branch,  capable 
of  coiling  spirally,  by  which  some 
fdimbing  plants  attach  themselves 
to  surrounding  bodies  for  support; 
as  in  the  (Jrape-vine  (Fig.  161). 
But  sometimes  tendrils  belong  to 
the  leaves,  as  in  the  Pea;  when 
they  are  slender  prolongations  of 
the  leafstalk.  Some  tendrils  cling 
by  hooking  their  tips  around  the 
supporting  object  Others,  such  as 
those  of  the  Virginia  Creeper  (Fig. 
162,  163),  commonly  expand  the 
tips  of  the  tendrils  into  a  fiat  disc, — 
much  as  do  many  aerial  rootlets  (as 
those  of  Ivy)  when  subservient  to 
the  same  office, — which  firmly  ad-  *•* 

heres  to  walls  or  the  bark  of  trees,  thus  enabling  the  plant  tc*  ascend 
and  cover  their  surface.    As  soon  as  they  are  attached,  the  *j:udril 


Its  Id 

no.  16L    End  <*f  m  ihooi  of  the  Ompe-vlne,  with  jcnng  tendrllt. 

TIG.  102.    A  portion  of  m  stem  of  AmpeIopsL«f  or  Virginia  Creeper,  with  a  leaf  and  a  tendrlL 

ElO.  163w    Ends  of  the  latter,  enlarged,  showhig  the  expanded  tlpa  bj  which  they  cling. 
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vsuallj  shortens  itself  by  coiling  spirally,  thus  drswing  tip  tfio 
climbing  shoot  closer  to  the  supporting  object. 

186.  A  gpiM  or  Tktni  is  an  imperfectly  developed,  indurated,  leaf** 
less  branch  oi  a  woody  plant,  attenuated  to  a  point.    The  nature  of 

spines  is  manifest  in  the  EUiw- 
thorn  (Fig.  165),  not  only  by 
their  position  in  the  axil  of  a 
leaf,  but  often  by  producing  inir 
perfect  leaves  and  buds.  And 
in  the  Sloe,  Pear,  &c^  many 
of  the  stinted  branches  become 
sptnase  or  qnne$ceni  at  the 
apex,  tapering  off  gradually  in- 
to a  rigid,  leafless  point,  thus 
exhibiting  every  gradation  be- 
tween a  spine  and  an  ordinary 
branch.  These  spinose  branch- 
es are  less  liable  to  appear  on 
the  cultivated  tree,  when  duly 
cared  for,  such  branches  being 
thrown  mostly  into  more  vigor- 
ous growth.  In  the  Hawthorn, 
the  spines  spring  fit>m  the  main 
axillary  bud,  while  accessory 
buds  (1 69),  one  on  each  side,  ap- 
pear, and  one  or  both  grow  the 
next  season  into  an  ordinary 
branch.  In  the  Honey  Locust,  it  is  the  uppermost  of  several  ac- 
cessory buds,  placed  far  above  the  axil,  that  develops  into  the  thorn 
(Fig.  164).  And  here  the  spine  itself  branches,  and  sometimes  be- 
comes extremely  compound.  Sometimes  the  stipules  of  the  leaves 
devel(^  into  spines,  as  in  the  Prickly  Ash.  Sometimes  the  leaf  it- 
self is  developed  as  a  spine ;  of  which  the  Barberry  affords  a  familiar 
example.  When  the  spine  is  situated  in  the  axil  of  a  leaf  or  a  leaf- 
scar,  it  is  necessarily  of  the  nature  of  a  branch.    When  it  bears  a 


FIO.  164.  Bnnehing  thorn  of  the  Hon^  Loeost  (GMUtachla),  an  Indaimted  branch  devel- 
oped from  an  accessory  bud  produced  above  the  axil.  a.  Three  bade  nnder  the  beMoC  the 
iM&talk,  brought  to  view  in  »Metion  of  the  item  and  leafstalk  below. 

FIO.  166  Thorn  of  the  Cockspur  Thorn,  developed  from  the  central  of  three  axillazy  buds  ; 
ooe  of  the  lateral  buds  is  seen  at  ito  base. 
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bud  or  branch  in  its  tuLil  (as  in  the  Barberry,  Fig*  296),  it  most  be 
of  the  nature  of  a  leaf. 

187.  The  BttbtentDeafl  lodifiealion  ef  the  Stem  are  scarcdj  less 

nameroos  and  diverse  than  the  aerial ;  but  they  may  all  be  reduced 
to  a  few  principal  types.  They  are  perfectly  distinguishable  from 
roots  by  producing  regular  buds,  or  by  being  marked  with  scars, 
^irhich  indicate  the  former  insertion  of  leaves,  or  furnished  with 
acales,  which  are  the  rudiments  or  the  vestiges  of  leaves.  All  the 
£eafy  reois  of  the  older  botanists  are  therefore  forms  of  the  stem  or 
branches,  with  which  they  accord  in  every  essential  respect.  So, 
likewise,  what  are  popularly  called  Creeping  roots  are  really  subter- 
ranean branches ;  such  as  those  of  the  Mint,  and  of  most  Sedges  and 
Grasses.     Some  of  these,  such  as  the^  Carex  arenaria  (Fig.  166)  of 


Europe,  render  important  service  in  binding  the  shifting  sands  of 
the  sea-shore.  Others,  like  the  Couch-Grass,  are  often  very  trouble- 
some to  the  agriculturist,  who  finds  it  next  to  impossible  to  destroy 
them  by  the  ordinary  operations  of  husbandry ;  for,  being  furnished 
with  buds  and  roots  at  every  node,  which  are  extremely  tenacious  of 
life,  when  torn  in  pieces  by  the  plough,  each  fragment  is  only  placed 
in  the  more  favorable  condition  for  becoming  an  independent  plant. 
The  Nut-Grass  (Cyperus  Hydra),  an  equally  troublesome  pest  to 
the  planters  of  Carolina  and  Georgia,  is  similarly  constituted ;  and 


ITO.  106.    Crwpfnff  rabtomiMtn  ptem  oTCurex  aranftHA. 

710.  167.  Rhizonuk  of  DipbylleU  eymosa,  ihowing  dx  years'  groirth,  and  a  bod  for  fha 
arrmth  :  a,  the  bud  :  b,  bwie  of  the  italk  of  the  cunmit  year:  e,  lear  left  by  the  deeejr  of  the 
aanual  italk  of  the  year  before ;  and  beyond  are  tb«  scan  of  prarloos  years. 
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besides  the  interminable  subterranean  branches  bear  tubers^  or 
reservoirs  of  nutritive  matter,  in  their  course,  which  have  stiU 
greater  i)owers  of  vitality,  as  they  cootam  a  copious  store  of  food 
for  the  development  of  the  buds  they  bear.     The  name  of 

188.  Rhizumt  or  Roolltoek  is  applied  in  a  general  way  to  all  these 
perennial,  horizontally  elongated,  more  or  less  subterranean,  root* 

like  forms  of 
the  stem;  and 
more  particu- 
larly to  those 
that  are  consid- 
erably thidt- 
ened  by  the  ac- 
'••  cumulation    of 

starch  or  other  forms  of  nutritive  matter  in  their  tissue,  such  as  the 
so-called  roots  of  Ginger,  of  the  Iris  or  Flower-de-luce  (Fig.  291),  of 
the  Calamus  or  Sweet  Flag,  and  of  the  Blood- 
root.     They  grow  after  the  manner  of  ordinary 
stems,  advancing  from   year   to   year  by  the 
annual  development  of  a  bud  at  the  apex,  and 
emitting  roots  from  the  under  side  of  the  whole 
surface ;  thus  established,  the  older  portions  die 
and  decay,  as  corresponding  additions  are  made 
to  the  opposite  growing  extremity.     Each  year's 
growth  is  often  marked,  as  in  some  species  of 
Iris  (Fig.  291),  by  a  narrowing  at  the  place 
where  the  growth  of  tlie  season  is  suspended, 
followed  by  an  enlargement  where   it  recom- 
mences ;  or  else,  as  in  the  curious  Diphylleia  of  ** 
the  Alleghany  Mountains   (Fig.    167),  and  the  Polygonatum   or 
Solomon's  Seal  (Fig.  168),  it  is  more  indelibly  stamped  by  an  im- 
pressed circular  scar  (which  has  been  likened  to  the  impression  of  a 
seal),  left  annually,  in  autnnm,  by  the  death  and  separation  from  the 
perennial  rootstock  of  the  herbaceous  stalk  of  the  season  which  bore 
the  foliage  and  blossoms.     In  Diphylleia  the  growth  is  so  slow,  and 
the  ascending  stems  so  thick,  that  the  scars  of  successive  years  are 

FIG.  168.  Rootstock  of  Polygonatiiin  or  Solomon^t  Seal,  with  the  tenDlnal  bnd,  the  hue  of 
the  italk  of  the  aeuon,  and  three  eean  tnm  which  the  Utter  has  aeparated  in  as  man/  fonner 
years. 

VIG.  16B.  The  short  and  nprlght  rootstock  of  Trillium  erectom,  or  Birthroot,  with  its  ter- 
minal bod. 
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nearlj  in  contact  (Fig.  167).  In  the  yerj  short  and  slow-growing 
rootetoek  of  Trillium  (Fig.  169),  the  hose  of  the  leaf-hearing  and 
flowering  stem  of  the  season  surroands  and  covers  the  terminal  hud. 
In  our  conmion  Dentaria  or  Toothwort,  and  in  Hydrophyllum,  the 
base  of  this  annual  stalk  or  of  the  leafstalks  partakes  in  the  thicken- 
ing, and  persists  as  a  part  of  the  rhizoma,  in  the  form  of  fleshy  scales 
or  tooth-ehaped  processes.  In  other  scaly  rootstocks,  these  persist- 
ent hases  of  the  leaves  are  thin,  and  more  like  hud-«cales,  and  slowly 
decay  ailer  a  year  or  two.  AU  such  markings  are  vestiges  of  leaves, 
&C.,  or  the  scars  fit>m  which  they  have  fallen  or  decayed  away,  and 
indicate  the  nodes.  They  show  that  the  body  that  bears  them 
belongs  to  the  stem ;  and  not  to  the  root,  which  is  wholly  leafless. 
Boot-stocks  branch,  just  as  other  stems  dd,  by  the  development  of 
lateral  buds  from  the  axils  of  their  scales  or  leaves.  They  ser\'o 
as  a  reservoir  of  nourishing  matter,  for  the  maintenance  of  the  an- 
nual growth,  in  the  same  manner  as  do  thickened  roots  (145,  146). 
When  such  subterranean  stems  are  thickened  at  the  apex  only,  they 
produce 

189.  A  Tnber.    This  is  usually  formed  by  the  enkrgement  of  the 
growing  bad  of  a  subterranean  branch,  and  the  deposition  of  starch, 

no  171 


&c*  in  its  tissue.  This  deposit  serves  for  the  nourishment  of  the 
buds  (eyes)  which  it  involves,  when  they  develop  the  fbllowing  year. 
The  common  Potato  offers  the  most  familiar  example;  and  it  is 

WIQ.  170.  IteM  or  th«  stom  of  Um  Jorunleia  Artichoke  (Utikathaa  taborami),  wlUi  iti 
tabu*. 

no.  171.  A  moMlroiM  bmaeh  or  bod  of  tho  Poteto,  §hoff  froaad,  ahowinc  m  tnoiittloa 

fotho  tabor.  (From  tbo  GudeiMr's  Cbronkk.) 
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very  evident  on  inspeedon  of  the  growing  plant,  thai  ihe  tabers 
belong  to  branches,  and  not  to  the  roots..   The  nature  of  the  potato 
ift  in  m 


is  also  well  shown  bj  an  accidental  case  (Fig.  171),  in  which  some 
of  the  buds  or  branches  above  ground  thickened  and 
manifested  a  strong  tendency  to  develop  in  the  form 
of  tubers.  By  heaping  the  soil  around  the  stems, 
the  number  of  tuberiferous  branches  is  increased. 
The  Jerusalem  Artichoke  also  afibrds  a  familiar  il- 
lustration of  the  tuber  (Fig.  170).  A  tuber  of  a 
rounded  form,  and  with  few  buds,  or  a  rhizoma 
somewhat  porter  and  thicker  than  that  in  Fig.  169, 
effects  a  transition  to 

190.  A  Com  (Oormui),  or  Soltd  BuJb.  This  is  a 
fleshy  subterranean  stem,  of  a  rounded  or  oval  figure 
and  a  compact  texture;  as  in  the  Arum  or  Indian 
Turnip  (Fig.  175),  the  Colchicum,  the  Crocus  (Fig. 
180,  181,  182),  the  Cyclamen,*  Ac  Corms  have 
been  termed  solid  hulls.  But  the  principal  bulk  of 
a  true  bulb  consists  not  of  stem  but  of  leaves. 

IM 

*  The  flattened  conn  of  Cyclamen  originates  from  the  dilatation  of  the  radicle 
itself.  In  the  Turnip,  Beet,  and  Radish  (Fig.  188),  this  also  enlarges  with  tfie 
proper  root,  the  upper  part  of  which  accordingly  partakes  of  the  nature  of  the  stem. 

FIG.  172  Tb«  tody  Inilb  oT  a  UI7.  178.  A  vvrtlcal  leetloii  U  Um  mmm,  fiannhig  tiM  mh 
WMl  Mdk.    174  AzUlMy  bolbMi  of  UHnm  bolbtferam.    176.  Com  «r  Aram  tripliylliiai. 

no.  176.  AradicallMfof  th»iniitoLUy,wichiCi  bMethkk«iMd.|iitoahiiU»-Mato»««l 
•croM  below  to  show  iu  thlckneM. 
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191.  1  Boib  is  a  permanently  abbreyiated  stem,  mostly  shorter 
than  broad,  and  clothed  with  scales,  which  are  imperfect  and  thick- 
ened leaves,  or  more  commonly  the  thickened  and  persistent  bases 
of  ordinary  leases  (Fig.  176).  In  other  words,  it  is  a  scaly  and 
QsaaHy  subterranean  bud,  with  diickened  scales,  and  a  depressed 
axis  which  never  elongates.  Its  centre  or  apex  develops  upward 
the  herbaceous  stalk,  feliage,  and  flowers  of  the  season,  and  beneath 
emits  roots.  In  the  bulb,  the  thickening  by  the  deposition  of  nutri- 
tive matter,  stored  for  future  use,  takes  place  in  the  leaves  or  scales 
it  bears,  instead  of  the  stem  itself,  as  in  the  preceding  forms.  The 
scales  are  sometimes  separate,  thick,  and  narrow,  as  in  the  Seedy 
hdb  of  the  Lily  (Fig.  172) ;  sometimes  broad  and  in  concentric 
layers,  as  in  the  TSmicaied  hulb  of  the  Onion  (Fig.  177). 

192.  BslbMl  are  small  aerial  bulbs,  or  buds  with- fleshy  scales, 
which  arise  in  the  axils  of  the  leaves  of  several  plants,  such  as  the 
common  Lilium  bulbiferum  of  the  gardens  (Fig.  174),  and  at  length 
separate  spontaneously,  felling  to  the  ground,  where  they  strike  root, 
and  grow  as  independent  plants.  In  the  Onion,  and  other  species  of 
Alliiim,  bolblets  are  often  produced  in  place  of  flower-buds.  These 
piainly  show  the  identity  of  bulbs  with  biids. 

193i.  All  these  extraordinary,  no  less  than  the  ordinary,  forms 


t7t  17f  180 

fia  177.    BaetfOAorfttanicfttodbalbortlMOiikm. 

IIQ.  178.    Verdail  aeeftloa  of  Um  balb  of  Um  Tulip,  ihowing  Iti  stom  (a)  uid  badi  (^  e). 
FIO.  17V.    Bulb  of  m  Gwrlie,  witti  m  crop  of  young  bulbs. 
MCk  ISD.    ▼•vtlealteeliMi«f  tta«cormofCroeui:  a,iiewbodi. 

Pie.  18L    Vwliaal  Mrtloii  of  «h«  eotm  of  ColehieQai,  with  Um  wHhMPtd  eom  of  th«  pn- 
(a),  and  tli*  fbcmlog  on*  (e)  Ibr  tbt  cntoiof  year. 
10 
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of  the  Stem,  grow  and  branch,  or  multiply,  by  the  development  of 
terminal  and  axillaiy  buds.  This  is  perfectly  evident  in  the  rhizoma 
and  tuber,  and  is  equally  the  case  in  the  com  and  bulb.  The  stem 
of  the  bulb  is  usually  reduced  to  a  mere  plate  (Fig.  178,  a),  which 
produces  roots  from  its  lower  surface,  and  leaves  or  scales  from  the 
upper  surface.  Besides  the  terminal  bud  (c),  which  usually  forms 
the  flower-stem,  lateral  buds  (h,  h)  are  produced  in  the  axils  of  the 
leaves  or  scales.  One  or  more  of  these  may  develop  as  flowering 
stems  the  next  season,  and  thus  the  same  bulb  survive  and  blossom 
from  year  to  year ;  or  these  axillary  buds  may  themselves  become 
bulbs,  feeding  on  the  parent  bulb,  whidi  in  this  way  is  ofien  con- 
sumed by  its  own  offspring,  as  in  the  Garlic  (Fig.  179) ;  or,  finally 
separating  from  the  living  parent,  just  as  the  bulblets  of  the  Tiger 
laly  fall  from  the  stem,  they  may  form  so  many  independent  indi- 
la  viduals.     So  the  corm  of  the  Crocus  (Fig. 

182,  182^)  produces  one  or  more  new  ones, 
which  feed  upon  and  exhaust  it,  and  take  its 
place ;  and  the  shrivelled  remains  of  the  old 
corm  may  be  found  underneath  the  new,  the 
next  season.     The  ccMm  of  Colchicum  (Fig* 
181)  produces  a  new  bud  on  one  side  at  the 
base,  and  is  consumed  by  it  in  the  course  of 
the  season ;  the  new  one,  afler  flowering  bj 
its  terminal  bud,  is  in  turn  consumed  by  its 
own  ofispring ; 'imd  so  on.     In  Fig.  181,  we 
have  at  one  view,  a,  the  dead  and  shrivelled 
corm  of  the  year  preceding ;  ft,  that  of  the 
present  season   (a  vertical  section);  and  c, 
the  nascent  bud  for  the  growth  of  the  ensuing 
season.    Many  of  the  forms  which  the  stem  assumes  when  above 
ground  differ  as  much  from  the  ordinary  appearance  as  do  any  of 
these  subterranean  kinds,  and,  in  fact,  imitate  their  pecuKarities ;  as, 
for  example,  the  globular  Melon-Cactus  and  Mamillaria,  the  colum- 
nar Cereus,  and  the  jointed  Opuntia  or  Prickly  Pear.     These  are 
remarkably 

194.  Coniolidited  Forms  of  Tegetation.     While  ordinary  plants  are 
constructed  on  the  plan  of  great  expansion  of  surface,  these  are 

^«  lT:u  ^  **'  ^~^'  ^  ^  "•*"  •o^loplnf  K.k.  mmm^,  diowlng  th«  shrl^llad 
PJ^«flt.«irfac,.    18a^V•^ticill.ectten  of  •rimil««,p«^wial»  terminal  •nd  one  1^ 
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formed  on  the  plan  of  the  least  posaiUe  amount  of  surface  in  pro- 
portion to  their  bulk.  A  green  rind  serves  the  purpose  of  foliage ; 
but  the  surface  is  as  nothing  compared  with  an  ordinary  leafy  plant 
of  the  same  amount  of  vegetable  mate^riaL  This  consolidation  is 
carried  to  the  extreme  in  the  Helon-Cactus,  Mamillaria,  and  the 
like,  of  globular  or  corm-like  shiq)es ;  their  spherical  figure  being 
that  which  exposes  the  least  possible  part  of  the  bulk  to  the  air. 
Such  plants  are  evidently  adi^ed  and  des  gned  for  very  dry 
regions;  and  in  such  only  are  they  naturally  found.  Similarly, 
bulbous  and  corm-bearing  plants,  and  the  like,  are  a  form  of  vege- 
tation which  in  the  growing  season  may  in  the  foliage  expand  a 
large  surface  to  the  air  and  light,  while  during  the  period  of  rest 
the  living  vegetable  b  reduced  to  a  globular  or  other  form  of  the 
least  surface  i  and  this  is  protected  by  its  outer  coats  of  dead  and 
dry  scales,  as  well  as  by  its  subterranean  situation ;  —  thus  exhibit* 
ing  another  and  very  similar  adaptation  to  a  season  of  drought. 
And  such  plants  mainly  belong  to  countries  (such  as  Southern 
Africa,  and  parts  of  the  interior  of  Oregon  and  California)  which 
have  a  long  hot  season,  during  which  little  or  no  rain  falls,  when, 
their  stalks  and  foliage  above  and  their  roots  beneath  being  early 
cut  off  by  drought,  the  plants  rest  securely  in  their  compact  bulbs, 
filled  with  nourishment,  and  retain  their  moisture  with  great 
tenacity,  until  ih^  rainy  season  returns.  Then  they  shoot  forth 
leaves  and  flowers  with  wonderful  rapidity,  and  what  was  perhaps 
a  desert  of  arid  sand  becomes  green  with  foliage  and  gay  with  bios- 
soms,  almost  in  a  day.  This  will  be  noore  perfectly  understood 
when  the  nature  and  the  use  of  foliage  shall  have  been  more  fully 
considered. 


Sect.  IV.     Ths  Internal  Structubs  of  the  Stem  nr 
General. 

.  195.  Having  considered  the  various  external  forms  and  appear- 
ances which  the  stem  exhibits,  and  its  mode  of  increase  in  length, 
our  attention  may  now  be  directed  to  its  internal  structure,  and  its 
mode  of  increase  in  diameter. 

196.  The  stem  embraces  in  its  composition  the  various  forms  of 
elementary  tissue  that  have  already  been  described  (Chap.  I.,  Sect. 
IL,  m.) ;  namely,  ordinary  cells,  woody  fibre,  and  vessels.    At 
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firsty  indeed,  it  consists  entirely  of  parenchTnui  (ol),  which  pos- 
sesses much  less  strength  and  tenacity  than  woody  tissue,  and  is 
therefore  inadequate  to  the  purposes  for  which  the  stem,  in  all  the 
higher  plants,  is  destined.  The  stem  of  a  Moss  or  a  LiverwOTi  is, 
in  fact,  composed  of  ordinary  cellular  tissue  alone ;  and  is  therefore 
weak  and  brittle,  well  enough  adapted  to  plants  of  humble  sice, 
but  not  for  those  which  attain  any  considerable  height  AccOTd- 
ingly,  as  soon  as  the  stems  of  Phaenogamous  plants  begin  to  grow, 
and  in  proportion  as  the  leaves  are  developed,  woody  mingled  with 
vascular  tissue  is  introduced,  to  afford  the  requbite  toughness  and 
strength,  and  to  facilitate  the  rise  of  the  ascending  sap.  If  the 
wood  accumulates  only  to  moderate  extent  in  proportion  to  the 
parenchyma,  the  stem  remains  herbtxceous  (174) ;  if  it  predominates 
and  continues  to  accumulate  from  year  to  je^f  the  proper  woody 
trunk  of  a  shrub  or  tree  is  formed. 

197.  The  cellular  part  of  the  stem  grows  with  equal  readiness, 
in  whatever  direction  the  forces  of  vegetation  act.  It  grows  verti- 
cally, to  increase  the  stem  in  length,  and  horizontally,  to  increase 
its  diameter.  Into  this  the  elongated  ceUa  that  form  the  woody 
tissue  and  ducts  are  introduced  vertically;  they  run  lengthwise 
through  the  stem  and  branches.  Hence,  the  latter  has  been  called 
the  langttudinalj  vertical^  or  perpendicular  ipttem  (56,  64) ;  and 
the  cellular  part,  the  horizontal  system  of  the  stem.  Or  the  stem 
may  be  compared  to  a  web  of  doth;  the  cellular  system  forming 
the  woof^  and  the  woody,  the  toarp. 

198.  The  diversities  in  the  internal  structure  of  the  stem  are 
principally  owing  to  the  different  modes  in  which  the  woody  or 
vertical  system  is  imbedded  in  the  cellular.  These  diversities  are 
reducible  to  two  general  plans ;  upon  one  or  the  other  of  which  the 
stems  of  all  Flowering  plants  are  constructed.  Not  only  is  the 
difference  in  structure  quite  striking,  especially  in  all  stems  more 
than  a  year  old,  but  it  is  manifested  in  the  whole  vegetation  of  the 
two  kinds  of  plants,  and  indicates  the  division  of  Phaenogamous 
plants  into  two  great  classes,  recognizable  by  every  eye;  which, 
in  their  fully  developed  forms,  may  be  represented,  one  by  the  Oak 
and  other  trees  of  our  dimate,  the  other  by  the  Palm  (Fig.  184). 

199.  The  difference  between  the  two,  as  to  the  structure  of  their 
stems,  is  briefly  and  simply  this.  In  the  first,  the  woody  system  is 
deposited  in  annual  concentric  layers  between  a  central  pith  and  an 
exterior  bark;  so  that  a  cross-section  presents  a  series  of  rings  or 
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circles  of  wood,  surrounding  eacli  other  and  a  distinct  pith,  and  all 
sorronnded  bj  a  separable  bark.  This  is  the  plan,  not  only  of  the 
Oak,  but  of  all  the  tree's  and  shrubs  of  the  colder  climates.  In  the 
second,  the  woody  system  is  not  disposed  in  layers,  but  consists  of 
separate  bundles  or  threads  of  woody  fibre,  &c.,  running  through  the 
cellular  system  without  apparent  order;  and  presenting  on  the  cross- 
section  a  view  of  the  divided  ends  of  these  threads  in  the  form  of 
dots,  difiused  through  the  whole ;  but  with  no  distinct  pith,  and  no 
bark  which  is  at  any  time  readily  separable  from  the  wood.  The 
appearance  of  such  a  stem,  both  on  the  longitudinal  and  the  cross- 
section,  is  shown  in  Fig.  183  ;  it  may  also  be  examined  in  the  Cane 
or  Rattan,  the  Bamboo,  and  in  the  annual  stalk  of  Indian  Com  or 
of  Asparagus.  That  of  ordinary  wood  of  the  first  sort  is  too  famil- 
iar to  need  a  pictorial  illustration. 

200.  Exosenons  Strnetlllt.  The  stem,  in  the  first  case,  increases 
in  diameter  by  the  annual  formation  of  a  new  layer  of  wood,  which 
is  deposited  between  the  preceding  layer  and  the  bark ;  that  is,  the 
wood  increases  by  annual  additions  to  its  outside.  Hence,  such 
stems  are  said  to  be  Exogenous  ;  and  plants  whose  stems  grow  in 
this  way  are  called  Exogekous  Plants,  or  briefly  Exogens  ; 
that  is,  as  the  term  literally  signifies,  outside-grawers, 

201.  Endogenous  StrOftarf*  In  the  second  case,  the  new  woody 
matter  is  intermingled  with  the  old,  or  deposited  towards  the  centre, 
which  becomes  more  and  more  occupied 

with  the  woody  threads  as  the  stem  grows 
older ;  and  increase  in  diameter,  so  far  as 
it  depends  on  the  formation  of  new  wood, 
generally  takes  place  by  the  gradual  dis- 
tention of  the  whole.  Accordingly,  these 
stems  are  said  to  exhibit  the  Ei^doge- 
Nous  structure  or  growth ;  and  such  plants  ^ 

are  called  Endogenous  Plants,  or  Endogens  ;  literally,  intide- 
growtn. 

202.  The  two  great  classes  of  Phaenogamous  plants,  indicated  by 
this  difference  in  the  stem,  are  distinguishable  even  in  the  embryo 
»tate,  by  differences  quite  as  marked  as  those  which  prevail  in  their 
whole  port  and  aspect  The  embryo  of  all  plants  that  have  en- 
dogenous stems  bears  only  a  single  cotyledon ;  hence,  Endogens  are 
also  called  Monocotyledonous  Plants  (128).    The  embryo  ctf 


no.  183.    section  (loDgliadinal  aad  tnuurene)  of  •  P«lm-«tem. 
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plants  with  exogenous  steins  bears  a  pair  of  cotyledons  and  niifi)ld» 
a  pair  of  seed-leaves  in  genninaticm  (Fig.  106, 125)  ;  hence,  £xogHM> 
are  likewise  called  Dicottlbponocs  .Plants. 


Sect.  Y.    The  £kdo6ekous  or  MoNOCOTn.Bi>ONOu«  Stou 

203.  Endooens,  or  Luide-grow^n^  although  thej  have  manj 
humble  representatives  in  Northern  dimes,  jet  only  attain  their,  foil 
characteristic  devel* 
opment,  and  di 
their  noble  arl 
cent  forms,  un 
tropical   sun. 
Palms  —  the  t^ 
the  class  —  d( 
tend  as  far  noi 
this  country  a 
coast  of  North 
lina  (the  naturs 
it  of  the  Pall 
Fig.  184) ;  wb 
Europe    the 
and  the  Chami 
thrive  in  the  v 
er     parts     of 
European   sho 
the    Mediterra 
The  manner  of 
growth  gives 
them  a  strik* 
ing    appear-   , 
ance ;     their  '■ 
trunks  being  ^ 

nnbranched,  in 

cylindrical  columns,  rising  majestically  to  the  height  of  from  thir^ 
to  one  hundred  and  fifty  feet^  and  crowned  ai  the  summit  with  as 
simple  cluster  of  peculiar  foliage.  Their  internal  structure  is  equa!-* 
ly  different  from  that  of  ordinary  wood. 

no.  ISi.    Tb«  ChMMWupt  PiObmUq,  la  vuiom  atepf ,  and  tbi  Toma  Pnwoali 
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f  iK)4%  The  stem  of  an  Endogcm,  as  already  explained  (199),  offers 
ao  maaife^  distinctioia  into  bark,  pith,^uid  wood  f  and  the  latter  is  not 
composed  of  coneentrio  nngps  or  lajrers^    But  it  ix>nsist3  of  bundles  of 
woody  and  vascukr  tissue,  in  the  form,  of  fibres  or  threads,  which  are 
imbedded,  with  Uttlo  i^arent  regularity,  in  cellular  tissue ;  and  the 
whole  is  enclosed  in  an  integument,  which  does  not  strictly  resemble 
the  bark  of  an  Exogenous  plant,  inasmuch  as.  it  does  not  increase 
by  layers,  and  Is  neyer  separable  from  the  <v»>od.    The  fibrous 
Irandles  which  compose  (he  wood,  and  which  consist  of  a  mass  of 
woody  fibres  aurrounding  several  vessels,^  are  distributed  throughout 
the  cellular  system  of  the  stem,  but  most  abundantly  towards  the 
ciroiiiiiference.    Each  bundle  usually  contains  all  the  elements  of 
the  wood  of  the  exogenous  stem;  namely,  vessels,. proper  woody 
tissue,  and  bast-ceUs.    The  bundles  often  maybe  traced  directly 
from  the  base  of  the  leaves  down  through  the  stem,  some  of  them 
to  the  roots  in  a  young  plant,  while  others,  curving  outwards^  lose 
themselves  in  the  cortical  infiegum^at, 
or  rind.    As  the  stem  increases,  new 
bundles,  springing  from  the  bases  of 
more  recently  developed  leaves,  are  at 
first  directed  towards  the  centre  of  the 
atem,  along  which  they  descend  for 
some  distance,  growing  more  slender 
in  their  course,  and  then,  curving  out- 
wards, mostly  terminate  in  the  rind« 
It  is  partly  in  consequence  of  the  co- 
hesion of  these  obliquely  descending 
fibres  tp  the  &lse  bark^  that  the  latter 
cannot^  as  in  Exogens,  be  separated 
finom  the  wood  heneatk    The  manner 

in  which  the  woody  threads  are  consequently  interwoven  is  shown 
in  Fig.  185.  The  Pahn-like  Yuccas  of  the  Southern  States  offer 
lieautilul  illustrations  of  the  kind. 

205.  Endogenous  stems,  instead  of  having  the  oldest  and  hardest 
wood  at  the  centre  and  the  newest  and  softest  at  thedrcumferenoe, 
an  in  ordinary  trees,are  softest  towards.the  centre  and  most compaot 
ait  the  drcomference^  They  increase  in  diameter  with  the  increas- 
ing number  of  woody  bufidlss:  (which  multiply  as  new  leaves  are 

'    TIG.  18S.    Vertical  and  trMifVMit  awttoa  of  •  y<wafadofgioqg  tW^  ihowtn^  iht  fit- 
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produced),  as  long  as  the  rind  is  capable  of  distention.  In  some 
instances,  as  in  the  arborescent  Yuccas  and  the  Dracsenas  or  Dragon* 
trees,  the  rind  remains  soft  and  capable  of  unlimited  growth ;  but  in 
the  Palms,  and  in  most  woody  Endogens,  it  soon  indurates,  and  the 
stem  consequently  increases  no  further  in  diameter.  The  wood  of 
the  lower  part  of  such  steqd  is  more  compact  than  the  upper,  being 
more  filled  with  woody  bundles,  and  the  rind  is  firmer,  from  the 
greater  number  of  ligneous  fibres  which  terminate  in  it,  and  fitxn 
its  proper  induration. 

206.  Palms  generally  grow  from  the  terminal  bud  alone,'  and 
perish  if  this  bud  be  destroyed ;  they  grow  slowly,  and  bear  their 
foliage  in  a  cluster  at  the  summit  of  the  trunk,  which  consequently 
forms  a  simple  cylindrical  colunm.  But  in  some  instances  two  or 
more  buds  develop,  and  the  stem  branches,  as  in  the  Doum  Pafan  of 
Upper  Egypt,  and  in  the  Pandanus,  or  Screw-Pine  (Fig.  140), 
which  belongs  to  a  fiunily  allied  to  Pahns:  in  such  cases  the 
branches  are  cylindricaL  But  when  li^ral  buds  are  fireely  devel- 
oped (as  in  the  Asparagus),  or  the  leaves  are  scattered  along  the 
stem  or  branches  (as  in  the  Bamboo,  Maize,  &c),  these  taper  up* 
wards,  just  as  in  Exogens.  A  particular  comparison  of  the  stnictetre 
and  growth  of  the  Endogenous  stem  with  the  Exogenous  cannot  be 
instituted  until  the  latter  is  explained  in  detaiL 


Sect.  VL    The  Exooenoits  or  Dicottledokotts  Stsx. 

207.  Since  the  Exogenous  class  is  by  fiu*  the  larger  in  every  part 
of  the  world,  and  embraces  all  the  trees  and  shrubs  with  w^idi  we 
are  familiar  in  the  cooler  climates,  the  structure  of  this  kind  of  stem 
demands  more  detailed  notice.  To  obtain  a  true  and  clear  idea  of 
its  internal  structure,  we  should  commence  at  its  origin  and  fi>Uow 
the  course  of  development 

208.  In  the  embryo,  or  at  least  at  some  period  antecedent  to 
germination,  the  rudimentary  ^tem  is  entirely  composed  of  paren- 
chyma. But  as  soon  as  it  begins  to  grow,  some  of  the  cells  begin  to 
lengthen  into  tubes,  to  be  marked  with  transverse  bars  or  spiral 
fines,  and  thus  give  rise  to  ducU  or  vessels  (57  -  60) ;  these  form  a 
Bmall  and  definite  number  of  bundles  or  threads,  say  four  equidistant 
ones  in  the  firdt  instance,  as  in  the  Sugar  Maple :  surrounding  these, 
other  slender  cells  of  smaller  calibre,  and  destitute  of  maridnga^ 
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«ooQ  appear,  and  form  the  earliest  woodj  tissue.  As  the  rudiments 
of  the  next  intemode  and  its  leaves  appear,  two  or  four  additional 
threads  of  vascular  tissue  appear  in  the  stem  below,  in  the  paren- 
chyma between  the  earliest  ones,  and  are  equally  surrounded  with 
forming  woody  tissue.  At  an  early  stage,  therefore,  the  developing 
stem  is  seen  to  be  traversed  by  several  bundles  of  woody  tissue,  with 
some  vessels  imbedded ;  and  these,  as  they  increase  and  enlarge,  run 
together  so  as  to  make  up  a  woody  zone  (or,  as  seen  in  the  cross- 
section,  a  ring),  enclosing  the  central  part  of  the  parenchyma  within 
it,  and  itself  enclosed  by  the  external  parenchyma.  Thus  a  zone  or 
layer  of  wood  is  formed,  which  is  so  situated  in  the  original  homo- 
geneous cellular  system  as  to  divide  it  into  two  parts ;  namely,  a 
central  portion,  whiph  forms  the  pith,  and  an  exterior  portion,  which 
belongs  to  the  bark.  The  whole  is  of  course  invested  by  the  skin 
or  epidermis,  which  covers  the  entire  surface  of  the  plant  The 
way  in  which  the  layer  of  wood  thus  originates  is  somewhat  rudely 
illustrated  by  the  annexed  diagrams  (Fig.  186-  188).    The  several 


woody  masses,  or  wedges,  are  separated  from  each  other  by  lines  or 
bands  of  the  original  cellular  tissue,  which  pass  from  the  pith  to  the 
bark,  and  which  necessarily  become  narrower  and  more  numerous  as 
the  woody  bundles  or  wedges  increase  in  size  and  number.  These 
bands  are  the 

209.  lednllary  Bays.  These  form  the  radiating  Imes  that  the 
cross-section  of  most  exogenous  wood  so  plainly  exhibits,  especially 
that  of  the  Oak,  Plane,  &c    They  consist  of  parenchyma,  more 

FIG.  ISS.  Pl«a  of  a  enet  wctkm  of  a  forminf  seedling  item,  ihowing  the  manner  in  which 
the  yoang  wood  is  imbedded  in  the  cellular  system. 

FIO.  187.  The  same  at  a  later  period,  the  woodj  bandies  incraasad  so  m  nearly  to  All  the 
eirele. 

710.  188.  The  same  at  th«  cloae  of  the  season,  where  the  wood  has  formed  a  complete 
drele,  separating  the  pith  flrom  the  bark,  except  that  they  are  still  connected  by  narrow  por- 
lloDB  oC  the  ceUolar  qrstem  (tha  nuduUary  rays)  which  radiate  firom  the  pith  to  the  barlu 
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or  less  flattened  by  tlie  pressmre  of  the  woo^  wedges,  and  ihef 
genre  to  keep  up  the  communicatioQ  between  the  pith  and  the 
bark. 

210.  The  Pint  Tear's  Orowfll  of  an  exogenous  stem  ftccordingfj  con- 
sists of  three  principal  parts,  viz.:  1st,  a  central  cellular  portion,  or 
Pith  ;  2d,  a  zone  of  Wood;  and  8d,  an  exterior  cellnlar  p<Mrtion,  or 

BaHL  These  several 
parts  are  ^st&jed 
in  Fig.  189-191,  as 
they  occur  in  a  woodj 
stem  a  year  old. 

211.  The  PIfll  (Ife- 
duBa)  consists  en^ 
tirely  of  soft  cellular 
tissue,  or  parenchy- 
ma* (51),  which  is 
at  first  gorged  with 
sap.  Many  stems 
expand  so  rapidly  in 
diameter  during  their 
early  growth^  that 
they  become  hollow, 
the  pith  being  torn 
away  by  the  disten- 
tion, and  its  remains 
forming  a  mere  lin- 

^^ ing    to   the    cavity^ 

9  In  the  Walnut  and 

"*  the  Poke  (Phytolac- 

*  In  rare  instanoefl  a  few  threads  of  woody  tissne  and  ressels  are  foand  dis- 
persed through  the  pith,  presenting  a  somewhat  remarkable  anomalj.  This 
occmv  in  Aralia  racemosa,  and  more  strikingly  in  Oxybaphus,  Mintbilis  or 
FomM>'clock,  and  other  NyctaghiacesD. 

no.  189.  LongltodiQal  ud  tnosmene  teetlon  t€  a  stem  of  the  Soft  liapte  (Amt  duyear- 
pom),  at  th«  cloM  of  the  flnt  year'i  growth  ;  of  the  natural  ibe. 

no.  190.  Portkm  of  the  tune,  magnified,  showing  the  eellnkr  pith,  ranoonded  hj  the 
wood,  and  that  encloeed  by  the  bark 

no.  191.  More  magnified  sHce  of  the  same,  reaching  fmn  the  bark  to  the  i»lth  :  a,  part  of 
the  pith ;  b,  Teaeela  of  the  mednUary  sheath  ;  c ,  the  wood ;  «W,  dotted  dncti  In  the  wood ;  «•, 
annular  dncts ;  /,  the  fiber,  or  famer  fibrous  bark  j  g,  the  eeUolar  enrelope,  or  green  bark ;  *, 
the  cotky  entelope ;  t,  the  skin  or  epidermis ;  *,  one  of  the  medollaiy  rays,  seen  on  Che  timne- 
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ea)  h  is  earlj*  separated  into  a  series  of  horizontal  plates.  As  the 
stem  grows  older  the  pith  becomes  drj  and  light,  its  cells  filled  with 
air  only ;  and  then  it  is  of  no  further  use  to  the  pUint 

212.  The  Wood  consists  of  proper  woodj  dssue  (53),  among  which 
the  vascular  is  more  or  less  copiously  mingled,  principally  in  the 
form  of  dotted  ducts  (Fig.  191,  <2),  or  occasionally  some  annular 
ducts  (e)j  iSsc.  The  dotted  ducts  are  of  so  considerable  calibre,  that 
they  are  conspicuous  to  the  naked  eye  in  many  ordinary  kinds  of 
wood,  especially  where  they  are  accumulated  in  the  inner  portion  of 
each  layer,  as  in  the  Chestnut  and  Oak.  In  the  Maple,  Plane,  &C., 
they  are  rather  equably  scattered  through  the  annual  layer,  and  are 
of  a  size  so  small,  that  they  are  not  distinguishable  by  the  naked  eye. 
—  Next  the  pith,  i.  e.  in  the  very  earliest  formed  part  of  the  wood, 
some  spiral  ducts  are  uniformly  found  (Fig.  191,  ^),  and  this  is  the 
only  part  of  the  exogenous  stem  in  which  these  ordinarily  occur. 
They  may  be  detected  by  breaking  a  woody  twig  in  two,  after  divid- 
ing the  bark  and  most  of  the  wood  by  a  drcular  incbion,  and  then 
pulling  the  ends  gently  asunder,  when  their  spirally  coiled  fibres  are 
readily  drawn  out  as  gossamer  threads.  As  these  spiral  ducts  form 
a  circle  immediately  surrounding  the  pith,  they  form  what  has  been 
termed  the  Medullart  Sheath.  This  is  no  special  organ,  and 
hardly  requires  a  special  name,  since  it  merely  represents  the  earli- 
est-formed vascular  tissue  of  the  stem. 

213.  The  vertical  section  in  Fig.  191  divides  on©  of  the  woody 
wedges ;  and  therefore  the  medullary  rays  do  not  appean     But  in 


p  m  km 

flO  198.  Verticml  Mctlon  through  th«  wood  of  a  bruich  of  the  Maple,  a  year  old  ;  ao  as  to 
thorn  one  of  the  medullaiy  Fayi,  passing  transrerMly  flrom  the  pith  ( p)  to  the  bark  (b) :  mag- 
nifiod.  But  a  aeetion  can  seldom  be  made  so  m  to  show  one  unbroken  plate  stretching  across 
Che  wood,  as  in  this  instance. 

no .  188.    A  Tertieal  sectloti  a'^ross  the  ends  of  the  medullary  rays  ;  magnified. 
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the  miich  more  magnified  Fig.  192^  the  section  is  made  bo  »s  to. 
show  the  £ur&ce  of  one  of  these  plates,  and  one  of  the  Mbdullabt 
Rats  passing  horizontallj  across  it,  connectii^  the  pith  (p)  witk 
the  bark  (b).  These  meduUaiy  rays  form  the  silver-prain,  (as  it 
is  termed,)  which  is  so  coiispicuous  in  the  Mi^le,  Oak,  &c^  and 
which  gives  the  glimmering  lustre  to  many  kinds  of  wood  when  cut 
in  this  direction.  But  a  section  made  as  a  tangent  to  the  circum- 
ference, and  therefore  perpendicular  tO'  the  medullary  rays,  brin^ 
their  ends  to  view,  as  in  Fig.  193 ;  much  as  they  appear  when  seen 
on  the  surface  of  a  piece  of  wood  from  which  the  bark  is  stripped. 
They  are  here  seen  to  be  composed  of  parenchyma,  and  to  represent 
the  horizontal  system  of  the  wood,  or  the  woof^  into  which  the  ver- 
tical woody  fibre,  &C.,  or  warp,  is  interwoven.  The  inspection  of  a 
piece  of  oak  or  maple  wood  at  once  shows  the  pertinency  of  this 
illustration. 

214.  The  Barkf  in  a  stem  of  a  year  old,  must  next  be  considered. 
At  first  it  consists  of  simple  parenchyma,  undistinguishable  from 
that  of  the  pith,  except  that  it  assumes  a  green  color  when  exposed 
to  the  light,  from  the  production  of  cMorophyll  (92)  in  its  cells.  But 
during  the  formation  of  the  wood  of  the  season,  an  analogous  forma- 
tion occurs  in  the  bark.  The  inner  portion,  next  the  wood,  has 
woody  tissue  formed  in  it,  and  becomes 

215.  The  liber,  or  Inner  Bark  (Fig.  191,/).  The  fibre-like  cells, 
which  give  to  the  inner  bark  of  those  plants  that  largely  contain 
them  its  principal  strength  and  toughness,  are  of  the  kind  already 
described  under  the  name  of  bast-cells  or  bast-tissue  (55).  They  are 
remarkable  for  their  length,  flexibility,  and  the  great  thickness  of 
their  walls.  They  form  in  bundles,  or  in  bands  separated  by  exten- 
sions of  the  medullary  rays,  one  accordingly  corresponding  to  each 
of  the  woody  plates  or  wedges ;  or  sometimes  (as  in  Negundo,  Fig. 
194,  195)  they  are  confluent  into  an  unbroken  circle  round  the 
whole  circumference.  Complete  and  well-developed  liber,  like  that  of 
the  Basswood,  consists  of  three  elements,  viz.:  1.  bast-cells  or  fibres  ; 
2.  large  and  more  or  less  elongated  cells,  with  thinner  walls  variously 
marked  with  transparent  spots,  appearing  Hke  perforations,  and 
usually  traversed  by  an  exceedingly  minute  n^t-work ;  and  3.  cells 
of  parenchyma.  The  liber  has  received  the  technical  name  of 
Endophlceum  (literally  inner  hark).  In  most  woody  stems  th^ 
•exterior  part  of  the  bark,  in  wluch  no  woody  tissue  occurs,  is  early 
distinguishable  into  two  parts,  an  inner  and  an  outer.     The  former  is 


Digitized  by^ 


Google 


SXOGEKOUS  8TRCCTURB.  12t 

:  21 G.  The  follolar  Envetope,  or  Green  Lender  (Fig,  191,  g\  also  called, 
from  Its  intermediate  position,  the  ME80PHL<Eim.  This  is  com"* 
posed  of  loose  parenchyma,  with  thin  walls,  much  like  the  green 
pulp  of  leaves,  and  containing  an  equal  abundance  of  chlorophyll. 
It  is  the  only  part  of  the  bark  that  retains  a  green  color.  In  woody 
stems  this  is  scion  covered  with. 

217.  The  Corky  EnYelope,  or  Epiphlceum  (Fig.  191,  ^),  which 
gives  to  the  twigs  of  trees  and  shrubs  the  hue  peculiar  to  each  spe- 
cies, generally  some  shade  of  ash-color  or  brown,  or  occasionally  of 
Uiuch  more  vivid  tints.  It  is  this  tissue,  which,  taking  an  unusual 
development,  forms  the  eork  of  the  Cork-Oak,  and  those  corky  ex- 
pansions of  the  bark  which  are  so  conspicuous  on  the  branches  of 


no.  194.  Portkm  of  ft  tnorrerM  feetlon,  and  196,  ft  eorreepondlog  TBitlcal  seetkm,  macnl- 
fled,  nftehliig  from  the  plUi.  p,  to  the  •pidennb,  <,  of  a  stiBm  of  Negundo,  a  year  old :  By  tha 
bark ;  W^  the  wood ;  and  C,  the  eamblum-layer,  as  foand  in  February.  The  references  are  in 
the  text  abore ;  except  mr^  portion  of  a  medallary  ray,  seen  on  the  rerUcal  section,  wbers  It 
nraa  into  the  pith :  dd^  doUed  dneU :  e<,  the  inner  part  of  the  eambiam-hiyer,  which  begin* 
the  new  layer  of  wood.  In  this  tree,  we  find  a  thick  layer  of  parenchyma  (/)  inside  of  the  bast- 
tSasoe,  and  therefore  belonging  to  the  liber.  No  bast-tissue  is  formed  in  it  the  second  year. 
11 
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the  Sweet  Gum  (Liquidambar),  and  on  some  of  oar  Elms  (XThniis 
akta  and  racemosa).  It  also  forms  the  paper-like,  exfoliating  layers 
of  Birch-baiic.  It  is  composed  of  laterally  flattened  parenchymatotn 
cells,  much  like  those  of  the  Epidermis  (69,  Fig.  191,  t),  whidi 
directly  overlies  it,  and  forms  the  skin  or  surface  of  the  stem. 

218.  The  elements  of  an  ex<^nous  stem  of  a  year  old,  especially 
in  a  woody  plant,  accordingly  are  these,  proceeding  from  the  centre 
towards  the  circumference :  — 

L  In  the  Wood: 

1.  The  Pith^  belonging  to  the  cellular  system  (Fig.  194,  195,/>)» 

2.  The  MeduUanf  Sheath,  nu,   )  which  belong  to  the  woody  or 
8.  The  Layer  of  Woody  Wyvr^   )      longitudinal  system. 

4.  The  MeduUartf  Rays,  mr,  a  part  of  the  cellular  systenu 

n.  In  the  Bark : 

5.  The  Liher,  I ;  its  bast-tissue,  h,  belongs  to  the  woody  system. 

6.  The  Outer  Bark,  belonging  wholly  to  the  cellular  system,  and 

composed  of  two  parts,  viz. :  1st,  the  Green  or  CeSular  Einr 
velope,  ge,  and  2d,  the  Corky  Envehpej  ce. 

7.  The  EpidermiSj  «,  or  skin,  which  invests  the  whole. 

219.  An  herbaceous  stem  does  not  essentially  difier  from  a  woody 
one  of  this  age,  except  that  the  wood  forms  a  less  compact  or  thinn^ 
zone ;  and  the  whole  perishes,  at  least  down  to  the  ground,  at  the 
close  of  the  season.  But  a  woody  stem  makes  provision  for  contin- 
uing its  growth  the  second  year.  As  the  layer  of  wood  continues  to 
increase  in  thickness  throughout  the  season,  by  the  multiplication  of 
cells  on  its  outer  surface,  between  it  and  the  bark,  and  when  growth 
ceases  this  process  of  cell-midtiplication  is  merely  suspended,  so 
there  is  always  a  zone  of  delicate  young  cells  interposed  between  the 
wood  and  the  bark.    Tliis  is  called  the 

220.  Cambiom-lajrer,  (Fig.  194,  195,  C).  It  is  charged  with  or- 
ganizable  matter  (protoplasm,  dextrine,  &c.)  in  the  form  of  a  mu- 
cilage, which  is  particularly  abundant  in  the  spring  when  growth 
recommences.  This  mucilaginous  matter  was  named  Cambium  by 
the  older  botanists;  who  supposed  —  as  is  still  generally  thought  — 
that  the  bark,  then  so  readily  separable,  really  separated  from  the 
Wood  in  spring,  that  a  quantity  of  rich  mucilaginous  sap  was  ponred 
out  between  them,  and  that  this  sap,  or  cambium,  was  organized 
into  a  tissue,  the  inner  part  becoming  new  wood,  the  outer,  new 
bark.  But  delicate  slices  will  show  that  there  is  then  no  more  inter- 
ruption of  the  wood  and  inner  bark  than  at  any  other  season ;  that 


Digitized  by 


Google 


EXOG»Oira   BnuCTTTRB.  12S 

the  fwo  «re  always  organicalty  connected  hj  an  extremely  delicate 
tissfae  of  joang  and  YitaUy  active  cells,  just  in  the  state  in  which 
tejr  mnlttpty  bj-divisidn  (38).  The  bark,  indeed,  is  yeiy  readily 
detached  from  the  wood  in  spring,  because  the  cunbium^yer  is  then 
gorged  with  sap  $  bat  the  separaticMi  is  eflfected  by  the  rending  of 
a  delicate  forming  tissue.  And  if  some  of  this  apparant  mucilage  be 
scraped  off  from  the  scirfiM»of  the  wood,  and  examined  under  a  good 
microscope^  it  wiH  be  seeA  to  be  a  thin  stratum  of  young  wood-cells, 
with  the  ends  ci  medullary  rays  here  and  there  interspersed,  and 
appearing  much  as'  in  Fig.  198,  only  the  youngs  wood-cells  are  mostly 
shorter.  The  inner  p<Miion  of  the  cambium-layer  is  therefore  nas^ 
tent  wood,  and  Ike  outer  is  nascent  bark.  And  it  is  by  the  g^wth 
of  ^be  cambium*layer,  renewed  year  after  year,  that  the 

2f  1«  Aunal  iBCretie  of  the  Wood  of  Exogenous  plants  is  efiected. 
As  the  cells  of  this  layer  multiply,  the  greater  number  lengthen  ver- 
tically into*  prosenchyna  or  woody  tissue;  while  some  are  trans-* 
l&rwoed  into  du<^  and  others^  remaining  as  parenchyma,  continue  the 
medullary  rays  or  commence  new  ones.  In  this  way  a  second  layer 
dTwood  is  ibimed  the  second  season,  over  the  whole  surface  of  the 
former  layer  and  between  it  and  the  bark,  and  continuous  with  the 
woody  layer  ci  the  new  rooits  below  and  of  the  leafy  shoots  of  the 
seas<m  above.  Each  succeeding  year  another  layer  is  added  to  the 
wood  in  the  same  manner,  coincident  with  the  growth  in  length  by 
the  dev^pment  a£  the  buds*  A  cross-section  of  an  exogenous  stem, 
therefore,  exhibits  the  wood  disposed  in  concentric  rings  between 
the  bark  and  the  pith;  the  oldest  lying  next  the  latter,  and  the 
youngest  occupying  the  dreumference.  Each  layer  being  the  pro- 
duct of  a  single  year's  growth,  the  age  of  an  exogenous  tree  may,  in 
general,  be  correctly  ascertained  by  counting  the  rings  in  a  cross- 
sectiim  of  the  trunk.* 


*  The  annual  layen  are  most  distinct  in  trees  of  temperate  climates  like  oars, 
where  there  is  a  prolonged  period  of  total  repose,  from  the  winter's  cold,  fol- 
lowed hy  a  rigoroiis  resumption  of  Tegetation  in  spring.  In  tropical  trees  they 
are  nrely  so  well  defined ;  hat  eren  in  these  there  is  geoeimll  j  a  more  or  less 
marked  annual  suspension  of  regetation,  occorring,  however,  in  the  dry  and 
hotter,  rather  than  in  the  cooler  season.  There  are  nnroeroos  cases,  moreover, 
Sn  which  the  wood  forms  a  nniibrm  stratum,  whatever  be  the  age  of  the  trunk, 
as  in  the  arhoreseent  species  of  Cactus ;  or  where  the  la3rers  are  few  and  by  no 
means  corresponding  with  the  age  of  the  trunk,  as  in  the  Cjcas. 

In  mioiy  woody  climbing  or  twining  stems,  such  as  those  of  Clematis^  Aristo- 
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222.  The  UmiMioi  of  tlie  Auilial  Ikjtn  results  from  two  or  more 
causes,  separate  or  combined*  In  oak  and  chestnut  wood,  and  the 
like,  the  layers  are  stroogly  defined  hy  reason  of  the  accumulation  of 
the  large  dotted  ducts,  here  of  extreme  size  and  in  great  abundance, 
in  the  inner  portion  of  each  layer,  where  their  open  mouths  on  the 
cross-section  are  conspicuous  to  the  naked  eye,  making  a  strong  con- 
trast between  the  inner  porous,  and  the  exterior  solid  part  of  the 
successive  layers.  In  Maple  and  Beech  wood,  however,  the  ducts 
are  smaller,  and  are  ilispersed  throughout  the  whole  breadth  of  the 
layer ;  and  in  coniferous  wood,  vix.  that  of  Pine,  Cypress,  &c^  there 
are  no  ducts  at  all,  but  only  a  uniform  woody  tissue  of  a  peculiar 
sort  (46,  54).  Here  the  demarcation  between  two  layers  is  owing, 
to  the  greater  fineness  of  the  wood-cells  formed  at  the  close  <^  the 
season,  viz.  those  at  the  outer  border  of  the  layer,  while  the  next 
layer  begins,  in  its  vigorous  vernal  growUi,  with  much  larger  cells, 
thus  marking  an  abrupt  transition  from  one  layer  to  the  next.  Be- 
sides being  finer,  the  last  wood-cells  of  the  season  are  often  flattened 
laterally,  more  or  less. 

223.  Each  layer  of  wood,  once  formed,  remains  unchanged  in  posi- 
tion and  dimensions.  But  in  trunks  of  considerate  age,  the  older 
layers  generally  undergo  more  or  less  change  in  color  and  density, 
distinguishing  the  wood  into  two  parts,  viz. 

224.  Sap-wood  and  Heart-wood.  In  the  genmnating  plantlet  and  in 
the  developing  bud,  the  sap  ascends  through  the  whole  tissue,  of 
whatever  sort ;  at  first  through  the  parenchyma,  for  there  is  then  no 
other  tissue ;  and  the  transmission  is  continued  through  it,  especially 
through  its  central  portion,  or  the  pith,  in  the  growing  apex  of  the 
stem  throughout  But  in  the  older  parts  below,  the  pith,  soon 
drained  of  sap,  becomes  filled  with  air  in  its  place,  and  thenceforth  it 
bears  no  part  in  the  plant'b  nourishment  As  soon  as  wood-cells  and 
ducts  are  formed,  they  take  an  active  part  in  the  conveyance  of  sap  ; 


lochia  Sipho,  and  Menispermam  Canadense,  the  annual  layers  are  rather  obscure- 
ly marked,  while  the  medullary  rays  are  tmosaally  broad ;  and  the  wood  therefore 
forms  a  series  of  separable  \redges  disposed  in  a  circle  aroond  the  pith.  In  the 
stem  of  one  of  our  Tmmpet-crcepers  (the  Bignonia  capreolata)  the  annual  lings, 
after  the  first  four  or  five,  are  interrupted  in  four  places,  and  here  as  many  broad 
plates  of  cellular  tissue,  belonging  properiy  to  the  bark,  are  interposed,  paasioi^ 
at  right  angles  to  each  other  from  the  circumference  towards  the  centre,  so  tfaa$ 
the  transverse  section  of  the  wood  nearly  resembles  a  Maltese  cross.  But  theso 
are  all  exceptional  cases,  which  scarcely  require  notice  in  a  general  view. 
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Ibr  which  their  tubular  and  capillarjr  character  is  especiallj  adapted. 
But  the  ducts  in  older  parts,  except  when  gorged  with  sap,  contain 
air  alone  ;  and  in  woody  trunks  the  sap  continues  to  rise  year  after 
year,  to  the  places  where  growth  is  going  on,  mainly  through  the 
proper  woody  tissue  of  the  wood.  In  this  transmission  the  new  layers 
are  most  active,  and  these  are  in  direct  communication  with  the  new 
roots  on  the  one  hand  and  with  the  buds  or  shoots  and  leaves  of  the 
season  on  the  other.  So,  by  the  formation  of  new  annual  layers  out- 
side of  them,  the  older  ones  are  each  year  removed  a  step  farther 
from  the  region  of  growth;  or  rather  the  growing  stratum,  which 
connects  the  fresh  rootlets  that  imbibe  with  the  foliage  that  elabo- 
rates the  sap,  is  each  year  removed  farther  from  them.  The  latter, 
therefore,  afler  a  few  years,  cease  to  convey  sap,  as  they  have  long 


ur  m 

flO.  196.    MagDUM  eton-metkm  of  »  portion  of  woody  tisrao  of  White  Oidc,  a  yvur  oU. 

m.  Aloiigitii4iiialMiPeUMeitiMMctkmof  the  ■UD«,ftUttto  Mghtr  mnni^    a,a,Por^ 

IktM  oCoDO  of  tiw  aDaller  modalkry  njM. 
FIO.  198.    Magniflod  croM  ■ection  of  woody  tiMoe  fkom  fh«  aune  ttem,  teken  from  a  layer 

of  heart-wood,  24  years  old:  6,  ducta  :  a,  portion  of  one  of  the  minater  medalUry  nyi,    199. 

tooAinod  eroes  and  longitodinal  section  of  the  same :  a,  tissue  of  a  medoUary  rsy.      . 
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b^ore  ceased  to  take  part  in  any  intal  openijumB.  The  celk  xtt  tbe 
older  layers,  also,  commoidy  have  thicker  walls  and  smaller  calibre 
than  those  of  the  Qewer,^— as  here  shown  in  Fig«  198, 19^  compared 
with  Fig.  106, 197, — owing  to  the  greater  amoontof  thickening  or- 
ganic materials  (43)  minglod  with  epcrasting  mineral  nMtten  intro- 
duced with  the  water  imbibed  by  thexoots  (93)  which  have  been  de* 
posited  upon  them  from  within*  This  older,  more  aolidified,  and  harder 
wood,  whidi  oocopies  the  centre  of  the  trunks  and  is  the  part  princi^ 
pally  valuable  for  timber,  &c^  b  called  Hkajkt-wood,  or  Dinujnif  t 
while  the  newer  layers  of  softer,  more  opei^  and  bibulous  wood,  more 
or  less  charged  with  sap,  receive  the  name  of  Sap-wood,  or  Ai^cn^ 
MUK.  The  latter  name  was  given  by  the  eaiiier  physicriogists  in  aUn-^ 
sion  to  its  white  or  pale  color.  In  all  trees  which  have  -the  distinction 
between  the  sap-wood  and  heart-wood  well  marked,  the  latter  acquires 
a  deeper  color,  and  that  peculiar  to  the  8pec»e8,'such  as  the  dark  brown 
of  the  BIa/6k  Walnut,  the  blacker  color  of  the  Ebony,  the  purplish-red 
of  Bed  Cedar,  and  the  bright  yeHow  of  the  Barberry.  These  colors 
are. owing  to  special  vegetable  products  mixed  with  the  incrusting 
matters ;  but  sometimes  the  hue  appers  to  be  rather  an  alteration  of 
the  lignine  with  age.  In  the  Red  Cedar,  the  deep  color  belongs 
chiefly  to  the  medullary  rays.  In  many  of  the  softer  woods,  there  is 
little  thickening  of  the  cell-walls,  and  little  change  in  color  of  tbe 
heart-wood,  except  from  indfMcnt  decay,  as  in  the  White  Pipe,  Pop- 
lar, Tulip-tree,  ^bc  The  heart-wood  is  no  longer  in  anj  sense  a 
living  part;  it  may  perish,  as  it  frequently  does,  without  affecting  the 
life  or  health  of  the  tree. 

225.  The  Dark  is  much  more  various  in  stmotnre  and  growth,  thmi 
the  wood :  it  is  also  6ul:ject  to  grave  alterations  with  advancing  age, 
on  account  of  its  external  position,  vix.  to  distention  from  the  con- 
stantly increasing,  diameter  of  the  stem  within,  and  to  abrasion  and 
decay  ftom  the  influence  of  the  elements  without.  It  is  never  entire, 
therefore,  on  the  trunks  of  large  trees ;  but  the  dead  exterior  parts, 
no  longer  able  to  enlarge  with  the  enlarging  wood,  are  gradually 
fissured  and  torn,  and  crack  off  in  layers,  or  ftdl  away  by  slow  decay. 
So  that  the  bark  of  old  trunks  bears  but  a  small  proportion  in  thick- 
ness to  the  wood,  even  when  it  makes  an  equal  amount  of  annual 
growth. 

226.  The  three  parts  of  the  bark  (214-217),  for  the  most  part 
t«idily  distinguishable  in  the  bark  of  young  riioots,  grow  indepen- 
dently, each  by  the  addition  of  new  celU  to  its  inner  face,  so  long  cw 
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&  grows  at  all.    The  green  layer  cioes  not  increase  at  all  after  the 

first  jear ;  the  opaque  CGtky  layer  soon  excludes  it  from  the  light ; 

and  it  gradually  perishes,  never  to  be  renewed.     The  corky  layer 

commonly  increases  for  a  few  years  only,  by  the  formation  of  new 

tabular  cells :  occasionally  it  takes  a  remarkable  devek^Hnent,  form- 

ing  tiie  substance  called  C<m&,  as  in  the  Cork  Oak.    A  similar  growth 

occurs  on  the  bari^  of  several 

spedes  of  Elm,  of  our  Uquid- 

ambor  or  Sweet*6um,  &c.,  pro-    i 

ducing  thick  corky  plates  on  the    • 

brandies.    In  the  White  and  Pa-    » 

per  Birch,  thin  layers,  of  a  very 

durable  nature,  are  formed  for 

a  great  number  of  years ;  each 

layer  of  tabular  and  £rmly  oohe- 

rentedls  (Fig.  200,  a)  attemates 

with  a  thinner  stratum  of  delicate,  ^ 

somewhat  cubical  and  less  compact  cells  (5),  which  break  np  into  a 

ifaie  powder  when  disturbed,  and  allow  the  thin,  paper-like  plates  to 

exfoliate. 

227.  The  liber,  or  inner  bark  (215),  continues  to  grow  through- 
oat  the  life  a£  the  tree,  by  an  annual  addition  fixun  the  cambium- 
layer  applied  to  its  inner  surface.  Sometimes  the  growth  is  plainly 
distinguishable  into  layers,  corresponding  with  or  more  numerous 
than  the  annual  layers  of  the  wood :  often,  there  is  scarcely  any 
trace  of  such  layers  to  be  discerned^  In  composition  and  appearance 
Ibe  liber  varies  greatly  in  different  plants,*  especially  in  trees  and 
shrubs.  That  of  Bass-wood  or  Linden,  and  of  other  plants  witb 
a  similar  fibrous  bark,  may  be  taken  as  best  representing  the  liber. 
Here  it  consists  ef  strata  of  very  thick-walled  ceUs  alternating  with 
thin-walled  cells.  The  tluck-walled  cells  are  bast-cells  (55,  Fig.  49, 
53),  are  much  elongated  vertically,  and  form  the  fibrous  portion  of 


*  The  best  accoont  of  the  liber  that  has  jet  been  given  is  that  by  Mobl, 
ip  the  BotanUche  Zeitang,  Vol.  13,  p.  S73  (1855),  of  which  a  French  translation  is 
poblished  in  the  AnnaUs  des  Scienoea  Naturelies,  ser.  4,  Vol.  5,  p.  141,  et  seq. 
0856). 

TIG.  aOO.  TraastcTM  Metkm  of  a  mlnate  portion  of  White  Birch  hark,  the  eoricy  bj«r 
Ughly  miigntflMl :  a,  th«  Ann,  tabvlar  mUi,  6,  dellcato  thiopwalM  mIU  whfeh  MpMato  tbo 
papery  pktM.    (An«r  Uok.) 
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the  bark.  The  thin-walled  cells  are  those  of  ordinary  parench3iimiy 
mingled,  at  the  inner  part  of  each  stratum,  with  larger  and  longer 
ones,  marked  (on  some  sides  at  least)  with  the  thin  and  reticulated 
spots  or  punctuations  already  described  (215).  These  last  may  be 
termed  the  proper  cells  of  the  liber j  as  they  are  peculiar  to  this  part 
of  the  bark,  are  seldom  if  ever  absent,  they  contain  an  abundance  of 
mucilage  and  proteine,  and  in  all  probability  they  take  the  principal 
part  in  the  descending  circulation  of  the  plant,  if  it  may  so  be  called, 
i.  e.  in  conveying  downwards  and  distributing  the  rich  sap  which  has 
been  elaborated  in  the  foliage.  It  is  evident  that  the  bast-cells, 
which  in  Linden  (Fig.  53)  are  seen  to  be  almost  solid,  are  not 
adapted  to  this  purpose. 

228.  That  bast-cells  are  not  an  essential  part,  is  further  evident 
from  the  fact,  that  they  are  altogether  wanting  in  the  bark  of  some 
plants,  and  are  not  produced  afler  the  first  year  in  many  others.  The 
latter  is  the  case  in  Negundo,  where  abundant  bast-cells,  like  those 
of  Bass-wood,  compose  the  exterior  portion  of  the  first  year's  liber 
(Fig.  194,  195,  h),  but  none  whatever  is  formed  in  the  subsequent 
layers.  In  Beeches  and  Birches,  also,  a  few  bast-cells  are  produced 
the  first  year,  but  none  afterwards.  In  Maples  a  few  are  formed  in 
succeeding  years.  In  the  Pear  bast-cells  are  annually  formed,  but 
in  very  small  quantity,  compared  with  the  parenchymatous  part  of 
the  liber.  In  Pines,  at  least  in  White  Pines,  the  baric  is  nearly  as 
homogeneous  as  the  wood,  the  whole  liber,  except  what  answers  to 
the  medullary  rays,  consisting  of  one  kind  of  cells,  resembling  those 

of  bast  or  a£  wood  in  form,  but  agree- 
ing with  the  proper  liber-cells  in  their 
structure  and  markings.  Ahhougfa 
the  liber  of  Birch  produces  no  bast- 
cells  afler  the  first  y^r,  it  abounds 
in  short  cells  equally  solidified  by  in- 
ternal deposition,  and  of  a  gritty  tex- 
ture, which  might  be  mistaken  for 
*'  bast-cells  on  the  cross-section  (Fig. 

201).    A  longitudinal  secdon  discloses  the  difference. 

229.  The  bark  on  old  stems  is  constantly  decaying  or  falling  away 
from  the  surface,  without  any  injury  to  the  tree  ;  just  as  the  heart- 
wood  may  equally  decay  within  without  harm,  except  by  mechani- 

FIO  901.  CroM-Metkm  of  a  cluator  of  soUdifled  and  indorated  cells  tma  tbo  Uber  of  tbt 
White  Hreli.    (After  Uok  } 
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calljr  imimiring  the  strength  of  the  trunk.  Great  differences  are 
ebaenrable  as  to  the  time  and  manner  in  which  the  older  bark 
of  dtfierent  shrubs  and  trees  is  thrown  off,  according  to  the  struc- 
ture in  each  species.  Some  trees  and  shrubs  have  their  trunks  in- 
vested with  the  liber  of  many  years*  growth,  although  only  the  in- 
nermost layers  are  alive ;  in  others  it  scales  off  much  earlier.  On 
the  stems  of  the  common  Honeysuckle,  of  the  Nine-Bark  (Spiraea 
opuUfolia),  and  of  Grape-vines  (except  of  our  Muscadine  Grape), 
the  liber  lives  only  one  season,  and  is  detached  the  following  year, 
hanging  loose  in  papery  layers  in  the  former  species,  and  in  fibrous 
shreds  in  the  latter. 

230.  While  the  newer  layers  of  the  wood  abound  in  crude  sap, 
which  they  convey  to  the  leaves  (224),  those  of  the  inner  bark 
abound  in  elaborated  sap  (79,  227),  which  they  receive  from  the 
leaves  and  convey  to  the  cambium-layer  or  zone  of  growth.  The 
proper  juices  and  peculiar  products  of  plants  (88)  are  accordingly 
found  in  the  foliage  and  the  bark,  especially  in  the  latter.  In  the 
bark,  therefore,  (either  of  the  stem  or  of  the  root,)  medicinal  and 
other  principles  are  usually  to  be  sought,  rather  than  in  the  wood. 
Nevertheless,  as  the  wood  is  kept  in  connection  with  the  bark  by 
the  medullary  rays,  many  products  which  probably  originate  in  the 
former  are  deposited  in  the  wood. 

231.  The  Li¥ing  Parts  of  a  Tree  or  Shrab,  of  the  Exogenous  kind,  are 
obviously  only  these : — 1st  The  summit  of  the  stem  and  branches, 
with  the  buds  which  continue  them  upwards  and  annually  develop 
the  foliage.  2d.  The  fresh  tips  of  the  roots  and  rootlets  annually 
developed  at  the  opposite  extremity.  3d.  The  newest  strata  of  wood 
and  bark,  and  especially  the  interposed  cambium-layer,  which,  annu- 
ally renewed,  maintain  a  living  comnranication  between  the  rootlets 
oa  the  one  hand  and  the  buds  and  foliage  on  the  other,  however  dis- 
tant they  at  length  may  be.  These  are  all  that  is  concerned  in  the 
life  and  growth  of  the  tree ;  and  these  are  annually  renewed.  The 
branches  of  each  year's  growth  are,  therefore,  kept  in  fresh  commu- 
nication, by  means  of  the  newer  layers  of  wood,  with  the  fresh 
rootlets,  which  are  alone  active  in  absorbing  the  crude  food  of  the 
plant  from  the  soiL  The  fiuid  they  absorb  is  thus  conveyed  directly 
to  the  branches  of  the  season,  which  alone  develop  leaves  to  digest 
it.  And  the  sap  they  receive,  having  been  elaborated  and  converted 
into  organic  nourishing  matter,  is  partly  expended  in  the  upward 
growth  of  new  branches,  and  partly  in  the  formation,  of  a  new  layer 
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of  wood,  reaching  from  the  highest  leaves  to  the  remotest  rootlets.* 
As  the  exogenous  tree,  therefore,  amiuallj  renews  its  huds  and 

*  The  layers  of  wood  and  bark,  by  wfaidi  tiie  exogenous  stem  annnally  in- 
creases in  diameter,  are  formed  by  the  multiplication  of  the  cells  of  the  cambhim* 
layer  throughout  its  whole  extent.  That  the  organic  material  to  supply  diis 
growth  in  ordinary  vegetation  descends  in  the  bark,  for  the  most  part,  and  that 
tlio  order  of  growth  in  the  formation  of  wood  is  from  above  downwards,  and 
also  the  general  dependence  of  this  growth  upon  the  action  of  the  foliage,  may- 
be inferred  from  a  variety  of  facts  and  considerations.  The  connection  of  the 
wood  with  the  leaves  is  shown  :<^  (I.)  By  tracing  the  threads  of  soft  woodjr 
Endogcns,  such  as  Yucca,  directly  from  the  base  of  the  leaf  into  the  stem,  and 
thence  downward  to  their  termination,  towards  which  they  become  attenuated, 
lose  their  vessels,  and  are  finally  reduced  to  slender  shreds  of  woody  tissue. 
(2.)  The  amount  of  wood  formed  in  a  stem  or  branch,  other  tilings  being  equal, 
is  in  a  relation  to  the  number  and  size  of  the  leaves  it  bears ;  its  amount  in  anj 
portion  of  the  branch  is  in  direct  proportion  to  the  number  of  leaves  above  that 
portion.  Thus,  when  the  leaves  are  distributed  along  a  branch,  it  tapers  to  the 
summit,  as  in  a  common  Beed  or  a  stalk  of  Indian  Com  ;  when  they  grow  in  a 
cluster  at  the  apex,  it  remains  cylindrical,  as  in  a  Palm  (Fig.  184).  Consequent!  j 
the  increase  of  the  trunk  in  diameter  directly  corresponds  with  the  number  and 
vigor  of  the  branches.  The  greater  the  development  of  vigorous  branches  on  • 
particular  side  of  a  tree,  die  more  wood  is  formed,  and  the  greater  the  thickness 
of  the  annual  layers  on  that  side  of  the  trunk.  (3.)  In  a  seedling,  die  wood 
appears  in  proportion  as  the  leaves  are  developed.  (4.)  If  a  young  branch  bo 
cut  off  just  below  a  node  (156),  so  as  to  leave  an  intemode  without  leaves  or 
bud,  little  or  no  increase  in  diameter  will  ordinarily  take  place  down  to  the  first 
leaf  below.  But  if  a  bud  be  inserted  into  this  naked  intemode,  as  the  bod  de* 
velops,  increase  in  diameter,  with  the  formation  of  new  wood,  recommenoes. 
That  the  formation  proceeds  from  above  downwards,  or  that  the  elaborated  sap 
wliich  furnishes  the  material  for  the  growth  is  diffused  from  above  downwards, 
appears  from  the  effect  of  a  ligature  around  exogenous  stems,  or  of  removing  a 
ring  of  bark.  It  is  a  fiimiliar  fiict,  that,  when  a  ligature  is  closely  bound  around 
a  growing  exogenous  stem,  the  part  above  the  ligature  swells,  and  that  below 
does  not  Eveiy  one  may  have  observed  the  distortions  that  twining  stems  thos 
|U!cidentally  produce  upon  woody  exogenous  tranks,  causing  an  cnlaigcment  on 
the  upper  side  of  the  obstraction.  When  the  stem  is  girdled,  by  removing  a 
ring  of  bark  so  as  completely  to  expose  the  surface  of  the  wood,  the  part  above 
the  ring  enlarges  in  the  same  manner ;  that  below  does  not,  nntil  the  incision  is 
healed.  The  wood  of  the  roots  is  manifestly  formed  in  a  descending  direction. 
But  this  is  continuous  with  that  of  the  stem ;  and  its  first  layer,  the  extension  of 
the  wood  of  the  radicle  into  the  primary  root,  agrees  in  composition  with  the 
wood  of  the  succeeding  layers  in  the  stem,  having  no  spiral  vessels,  but  only 
ducts.  Still,  whatever  analogy  there  may  be  between  the  growth  of  the  wood 
in  the  stem  and  of  roots,  there  is  no  real  basis  for  the  ingenious  conception  of 
Thonors  and  of  Gaudichand,  that  wood  is  the  roots  of  buds  or  leaves,  or  that 
it  is  absolutely  dependent  upon  them  for  its  formation. 
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leaves^  its  wood,  bark,  and  roots, — everythiAgp  indeed,  that  is  con- 
cerned in  its  life  and  growth, —  there  seems  to  be  no  reason,  no 
necessary  cause  inherent  in  the  tree  itself,  why  it  may  not  live  in- 
definitely. Accordingly,  some  trees  are  known  to  have  lived  for 
twdvo  hundred  years  or  more ;  and  others  now  survive  which  are 
probably  above  two  thousand  years  old,  and  perhaps  much  older.* 
Tliis  longevity  ceases  to  be  at  all  surprising  when  we  consider,  that, 
although  the  tree  or  herb  is  in  a  certain  sense  an  individual^  yet  it 
is  not  an  individual  in  the  sense  that  a  man  or  any  ordinaiy  animal 
is.    Viewed  philosophically, 

232.  The  Plant  is  l  CompMite  Being,  or  community,  lasting,  in  the 
case  of  a  tree  especially,  through  an  indefinite  and  often  immense 
number  of  generations.  These  are  successively  produced,  enjoy  a 
ienn  of  existence,  and  perish  in  their  tunu  Life  passes  onward 
oontinually  from  the  older  to  the  newer  parts,  and  death  fdlows, 
with  equal  step,  at  a  narrow  intervaL  No  portion  of  the  tree  is  now 
living  that  was  alive  a  few  years  ago ;  the  leaves  die  annually  and 
are  cast  off,  while  the  interaodes  or  joints  of  stem  that  bore  them,  as 
to  their  wood  at  least,  buried  deep  in  the  trunk,  under  the  wood 
of  succeeding  generations,  are  converted  into  lifeless  heart-wood,  or 
perchance  decayed,  while  the  bark  that  belonged  to  them  is  thrown 
off  from  the  surface.  It  is  the  aggregate,  the  blended  mass  alone, 
that  long  survives.  Plants  of  single  cells,  and  of  a  definite  form, 
^one  exhibit  complete  individuality;  and  their  existence  is  ex- 
tremely briefl  The  more  complex  vegetable  of  a  higher  grade  is 
not  to  be  compared  with  the  animal  of  the  hi^est  organization, 
where  the  ofispring  always  separates  from  the  parent,  and  the  indi- 
vidual is  simple  and  indivisible.  But  it  is  truly  similar  to  the  branch- 
ing or  arborescent  coral,  or  to  other  compound  animals  of  the  lowest 
jrrade,  where  successive  generations,  though  capable  of  living  inde- 
pendently and  sometimes  separating  spontaneously,  yet  are  usually 
developed  in  connection,  blended  in  a  general  body,  and  nourished 
more  or  less  in  common.  Thus  the  coral  structure  is  built  up  by 
the  combined  labors  of  a  vast  number  of  individuals,  —  by  the  suc- 


*  The  rabject  of  the  longevity  of  trees  has  been  ably  discussed  bj  De  Can- 
^Ue,  in  the  BiUiolheque  Univfnelle  of  Geneva,  for  May,  1831,  and  in  the  second 
Tolame  of  his  Ph^gkiogie  V^Aaie :  also,  more  recently,  Cy  Professor  Alphonse 
De  Candolle.  In  this  country,  an  article  on  the  subject  has  appeared  in  th» 
Jforth  American  Review,  for  July,  1844. 
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cessive  Inbora  of  a  great  number  of  generations.  The  surface  or  the 
recent  shoots  alone  are  alive ;  and  here  lifb  is  superfieial,  all  under- 
neath consisting  of  the  dead  remains  of  former  generations.  The 
arborescent  species  are  not  only  lifeless  along  the  central  axis,  but 
are  dead  throughout  towards  the  bottom :  as,  in  a  genealogical  tree, 
onlj  the  later  ramifications  are  among  the  Hying.  It  is  the  same 
with  the  vegetable,  except  that,  as  it  ordinarily  imbibes  its  nourish- 
ment mainly  from  the  soil  throu^  its  roots,  it  makes  a  downward 
growth  also,  and,  by  constant  renewal  of  fresh  tissues,  maintains  the 
conununication  between  the  two  growing  extremities,  the  buds  and 
the  rootlets. 

288.  IndlTidoality  being  imperfectly  realized  in  the  vegetable 
kingdom,  the  question  as  to  what  in  the  Phaenogamous  plant  best 
answers  to  the  animal  individual  is  speculative,  rather  than  practical, 
and  may  be  more  appropriately  noticed  in  another  place.  (Part  U. 
Chap.  I.) 

284.  Comparison  of  Endogeioin  witk  Exogenous  Strnctnre.    The  woody 

bundles  of  an  exogenous  stem  (Fig.  186-188)  continue  to  grow  on 
the  outer  side  as  long  as  the  plant  lives.  In  woody  trunks  they  at 
once  become  wedges  with  the  point  next  the  pith,  and  growth  pro- 
ceeds indefinitely  by  the  stratum  of  perpetually  renewed  tissue  on 
the  outer  face  between*  the  wood  and  the  bark.  £ach  wedge  is 
separated  from  its  neighbor  on  both  sides  by  an  interposed  medul- 
laiy  ray,  and  is  composed  of  wood  on  the  inner  side,  liber  on  the 
outer,  and  cambhim  or  forming  tissue  between.  Now  each  thread 
or  bundle  of  endogenous  wood  (204)  is  composed  of  similar  or  anal- 
ogous parts,  sometimes  irregularly  intermixed,  but  more  commonly 
similarly  disposed.  That  is,  the  section  of  one  of  these  threads  ex- 
hilnts  woody  tissue  and  one  or  two  spiral  vessels  on  its  inner  border, 
answering  to  the  proper  wood,  and  very  thidc-walled  elongated  cdk 
on  its  outer  border,  of  the  same  nature  as  the  bast-cells  of  Exogens ; 
and  between  the  two  is  a  stratum  of  cells  of  parenchyma  mixed  with 
elongated  and  punctuated  cells  answering  to  the  proper  cells  of  the 
inner  part  of  the  liber.  The  portion  of  each  endogenous  thread, 
therefore,  which  lodes  towards  the  centre  of  the  trunk,  answers  to 
the  wood,  and  its  outer  portion  to  the  liber  or  inner  bark,  of  the  ex- 
ogenous stem ;  and  the  parenchyma  through  which  the  threads  are 
interspersed  answ^  to  the  medullary  rays  and  pith  together.  The 
main  diflference  between  the  endogenous  woody  threads  and  the  ex- 
ogenous woody  wedges  is,  that  there  is  no  cambium-layer  in  the 
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fuiner  between  the  liber  and  the  wood,  and  therefore  no  provision 
for  increase  in  diameter.  The  bundles  are  therefore  strictly  limited, 
while  those  of  Exogens  are  unlimited  in  growth.  In  Exogens  the 
woodj  bundles  or  wedges,  symmetrically  arranged  in  a  circle,  be- 
come confluent  into  a  zone  in  all  woody  and  most  herbaceous  stems, 
which  continues  to  increase  in  thickness.  In  Endogens  the  woody 
bundles  are  unchanged  in  size  af^er  their  formation,  but  new  and 
distinct  ones  are  formed  in  the  growing  stem  with  each  leaf  it  de- 
velops, and  interspersed  more  or  less  irregularly  among  the  dder 
bundles. 


CHAPTER     V. 

OP  THE  LEAVES. 

Sect.  L    Theib  AaRANaEMEirr.    (Phtllotaxis,  btc.) 

235.  The  situation  of  leaves,  as  well  as  their  general  office  in  the 
vegetable  economy,  and  several  of  their  special  adaptations,  has 
already  been  stated.  Leaves  invariably  arise  from  the  nodes  (156), 
just  below  the  point  where  buds  appear.  So  that  wherever  a  bud 
or  branch  is  found,  a  leaf  exists,  or  has  existed,  either  in  a  perfect  or 
rudimentary  state,  just  beneath  it ;  and  buds  (and  therefore  branch- 
es), on  the  other  hand,  are  or  may  be  developed  in  the  axils  of  all 
leaves,  and  do  not  normally  exist  in  any  other  situation.  The  point 
of  attachment  of  a  leaf  (or  other  organ)  with  the  stem  is  termed  its 
insertion.  The  subject  of  the  arrangement  of  leaves  on  the  stem  has 
received  the  name  of 

236.  Phyllolaiil  (frmn  two  Greek  words,  signifying  haf-arrange- 
ment). 

237.  As  to  their  general  position,  leaves  are  either  altemate,  oppo* 
iite^  or  verticillate.  They  are  said  to  be  akemate  (127,  and  Fig. 
121,  157,  204)  when  there  is  only  one  to  each  node,  in  which 
case  the  successive  leaves  are  thrown  alternately  to  different  sides 
of  the  stem.  They  are  said  to  be  apposite  when  each  node  bears 
a  pair  of  leaves,  in  which  case  the  two  leaves  always  diverge 
from  each  other  as  vridely  as  possible,  that  is,  they  stand  on  opposite 

12 
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sides  of  the  stem  and  point  in  opposite  directions  (127,  Fig.  lOT, 
210,  &c.).  They  are  verticilkUe,  op  whoried,  when  there  arc  three  or 
more  leaves  in  a  cirele  (verticil  or  whorT)  upon  each  node ;  in  which 
case  the  several  leaves  of  the  circle  diverge  from  each  other  as  much 
as  possible,  or  are  equably  distributed  around  the  whole  circumfer- 
ence of  the  axis  (Fig.  134,  211).  The  first  of  the  three  is  the 
simplest  as  well  as  the  commonest  method,  occurring  as  it  does  in 
almost  every  Monocotyledonous  plant  (where  it  is  plainly  the  normal 
mode,  128),  and  in  the  larger  number  of  Dicotyledonous  plants 
likewise,  after  the  first  or  second  nodes  (Fig.  Ill*,  121).  It 
should  therefore  be  first  examined. 

^  238.  Iltmilt9  leires.     This  general  term 

for  the  case  where  leaves  are  placed  one  after 
another,  obviously  comprises  a  variety  of 
modes  as  to  the  particular  position  of  succes- 
sive leaves.  There  is,  first,  the  case  to  which 
the  name  is  most  applicable,  viz.  where  the 
leaves  are  alternately  disposed  on  exactly  op^ 
posits  sides  of  the  stem  (as  in  Fig.  157)  ;  the 
second  leaf  being  on  the  side  farthest  from  the 
first,  while  the  third  is  equally  distant  from 
the  second,  and  is  consequently  placed  directly 
over  the  first,  the  fourth  stands  over  the 
second,  and  so  on  throughout.  Such  leaves 
are  accordingly  distichous  or  two^ranked*^ 
They  form  two  vertical  rows:  on  one  side 
are  the  1st,  dd,  5th,  7th,  &c. ;  on  the  op* 
posite  side  are  the  2d,  4th,  6th,  8th,  and  so 
on.  This  mode  occurs  in  all  Grasses,  in  many 
other  Monocotyledonous  plants,  and  among 
the  Dicotyledonous  in  the  Linden.  A  second 
mode  is 

239.  The  tristichous  or   three-ranked  ar- 
rangement, which  is  seen  in   Sedges  (Fig. 


4^  In  the  course  of  the  snmmer  the  leftves  of  Baptisia  perfoliata,  which  rnn 
really  fiye-ranked,  often  appear  to  be  numo§tickouM,  or  one^ranhed;  but  this  is 
owing  to  a  torsion  of  the  axis. 

no.  Sn.    PlM«  erf  »  stalk,  irlth  tlMShntbtofbMM  flfllw  lMvw,flf»8dlgM}TMi(CMHt 

Cnu-eorri),  showing  Uie  thrae-rankad  MmnsmoKui.    208.  PUgnm  of  tbm  cxoM^ectkm  of  Um 
MBie,  •bowing  two  eyelei  of  Imrm. 
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202)  and  some  other  Monocotyledonous  plants.  Taking  any  leaf  we  • 
please  to  begin  with,  and  numbering  it  1,  we  pass  round  one  third  of 
the  circamference  of  the  stem  as  we  ascend  to  leaf  No.  2  ;  another 
third  of  the  circumference  brings  us  to  No.  3 ;  another  brings  us 
round  to  a  point  exactly  over  No  1,  and  here  Na  4  is  placed.  No.  ^ 
is  in  like  manner  over  No.  2,  and  so  on.  They  stanc],  therefore,  in 
three  vertical  rows,  one  of  which  contains  the  numbers  1,  4,  7,  10 ; 
another,  2,  5,  8,  11 ;  the  third,  3,  6,  9, 12,  and  so  on.  If  we  draw  a 
line  from  the  insertkm  of  one  leaf  to  that  of  the  next,  and  so  on  to 
the  third,  fourth,  and  the  rest  in  succession,  it  will  be  perceived  that 
It  winds  around  the  stem  spirally  as  it  ascends.  In  the  iirdt  or  dis- 
tichous mode,  the  second  leaf  is  separated  from  the  preceding  by  half 
the  circumference  of  the  stem ;  and,  having  completed  one  turn 
round  the  stem,  the  third  begins  a  second  turn.  In  the  tristichous, 
each  leaf  is  separated  from  the  preceding  and  succeeding  by  one 
third  of  the  ciroumierence,  there  are  three  leaves  in  one  turn,  or 
eyde,  and  the  fourth  commences  a  second  cycle,  which  goes  on  in 
the  same  way.  That  is,  the  angxdar  divergence^  or  Arc  interposed 
between  the  insertion  of  two  successive  leaves,  in  the  first  is  ^,  in  the 
second  i,  of  the  circle.  These  fractions  severally  represent,  not 
only  the  angle  of  divergence,  but  the  whole  plan  of  these  two  modes ; 
the  mmaerator  denoting  the  number  of  times  the  spiral  line  winds 
round  the  stem  before  it  brings  a  leaf  directly  over  the  one  it  began 
with ;  while  the  denominator  expresses  the  number  of  leaves  that 
are  laid  down  in  this  course,  or  which  form  each  cycle.  The  two- 
ranked  mode  (^)  is  evidently  the  simplest  possible  case.  The  tliree- 
ranked  (i)  is  the  next,  and  the  one  in  which  the  spiral  character  of 
the  arrangement  begins  to  be  evident.    To  this  succeeds 

240.  The  petUastichous,  quincuneialj  or  five-ranked  arrangement 
(Fig.  204,  205).  This  is  much  the  most  common  case  in  alternate- 
leaved  Dicotyledonous  plants.  The  Apple,  Cherry,  and  Poplar 
afford  ready  examples  of  it  Here  there  are  five  leaves  in  each 
cycle,  since  we  must  pass  on  to  the  sixth  before  we  find  one  placed 
vertically  over  the  first  To  reach  this,  the  ascending  spiral  line  has 
made  two  revolutions  round  the  stem,  and  on  it  the  five  leaves  are 
equably  distributed,  at  intervals  of  |  of  the  circumference.  The 
fraction  f  accordingly  expresses  the  angular  divergence  of  the  suc- 
cessive leaves ;  the  numerator  indicates  the  number  of  turns  made 
in  completing  the  cycle,  and  the  denominator  gives  the  number  of 
leaves  in  the  cycle,  or  the  number  of  vertical  ranks  of  leaves  on  such 
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a  Stem.    If  we  shorten  the  axis,  as  it  was  in  the  hud,  or  make  a 
tM  horizontal  plan,  we  have  «» 

the  parts  disposed  as  in  the 
diagram.  Fig.  206,  the  low- 
er leaves  being  of  course 
the  exterior. 

241.  The  eight-ranked 
arrangement,  the  next  in 
order,  is,  likewise  not  un- 
common. It  is  found  in 
the  Holly,  the  Callistemon 
of  our  conservatories,  the 
Aconite,  the  tuft  of  leaves 
at  the  base  of  the  common 
Plantain,  &c  In  this  case  the  ninth  leaf  is 
placed  over  the  first,  the  tenth  over  the  second, 
and  so  on ;  and  the  spiral  line  makes  three  turns 
in  laying  down  the  cycle  of  eight  leaves,  each 
separated  from  the  preceding  by  an  arc,  or  an- 
gular divergence,  of  f  of  the  circumference. 

242.  All  these  modes,  or  nearly  all  of  them,  w 

were  pointed  out  by  Bonnet  as  long  ago  as  the  middle  of  the  last 
century ;  but  they  have  recently  been  extended  and  generalized,  and 
the  mutual  relations  of  the  various  methods  brought  to  light,  by 
Schimper,  Braun,  and  others.  If  we  write  down  in  order  the  series 
of  fractions  which  represent  the  simpler  forms  of  phyUotaxis  already 
noticed,  as  determined  by  observation,  viz.  ^,  ^,  f ,  J,  we  can  hardly 
fail  to  perceive  the  relation  that  they  bear  to  each  other.  For  the 
numerator  of  each  is  composed  of  the  sum  of  the  numerators  of  the 
two  preceding  fractions,  and  the  denominator  of  the  sum  of  the 
two  preceding  denominators.  Also  the  numerator  of  each  fraction  is 
the  denominator  of  the  next  but  one  preceding.  Extending  this 
series,  we  obtain  the  further  terms,  -j^y,  /f,  ^  J,  §^,  &c  Now  these 
numbers  are  verified  by  observation,  and,  with  some  abnormal  excep- 
tions, this  series  ^,  ^,  |,  |,  -^j,  j^,  ^J,  f  |,  comprises  all  the  varia- 

7IG.  204.    Abranch«xhlbltlogttMflve-raskedarnmgMiMiitof1«ftTM. 

FIO.  5206.  BUgram  of  th«  mum  :  »  ipfnl  ItM  Is  dnwn  ueending  tiM  iteni  and  panfaif 
through  the  succcMire  Kan  which  mark  the  position  of  the  leares  from  1  to  6.  It  is  made  a 
■dotted  line  where  It  pauses  on  the  opposite  side  of  the  stem,  and  the  scan  2  and  6,  which  UH 
•on  that  side,  are  made  fainter.  206.  A  plane,  hortiont»l  prqjectioa  of  the  same ;  the  dotted 
line  pausing  from  the  edge  of  the  first  leaf  to  the  second,  and  so  on  to  the  fifth  leaf,  which 
eompletes  the  cj^cle  ;  as  the  sUth  would  come  directljr  befora,  or  within,  the  flnt. 
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tions  of  the  arrangement  of  alternate  leaves  that  actoallj  occur. 
These  higher  fi^rms  are  the  most  common  where  the  leaves  are 
crowded  on  the  stem,  as  in  the  rosettes  of  the  Houseleek  (Fig  207), 
and  the  scales  of  the  Pine-cones  (for  the  ar- 
rangement extends  to  all  parts  that  are  modifi- 
cations of  leaves),  or  where  they  are  numerous 
and  small  in  proportion  to  the  circumference  of 
the  stem,  as  the  leaves  of  Firs,  &c    In  fact, 
when  the  intemodes  are  long  and  the  base  of 
the  leaves  large  in  proportion  to  the  size  of  the 
stem,  it  is  difficult,  and  ofien  impossible,  to  tell 
whether  the  9th,  14th,  or  22d  leaf  stands  ex-  ^ 

actlj  over  the  first.  And  when  the  intemodes  are  very  short,  so 
that  the  leaves  touch  one  another,  or  nearly  so,  we  may  readily  per- 
ceive what  leaves  are  superposed ;  but  it  is  then  difficult  to  follow 
the  succession  of  the  intermediate  leaves.  The  order,  however,  may 
)be  deduced  by  simple  processes. 

243.  Sometimes  we  can  readily  count  the  number  of  vertical 
ranks,  which  gives  the  denominator  of  the  fraction  sought  Thus,  if 
there  are  eight,  we  refer  the  case  to  the  ^  arrangement  in  the  regu- 
lar series  ;  if  there  are  thirteen,  to  the  -fj  arrangement,  and  so  on« 
Commonly,  however,  when  the  leaves  are  crowded,  the  vertical  ranks 
are  by  no  means  so  manifest  as  two  or  more  orders  of  oblique  series, 
or  $econdary  spirals,  which  are  at  once  seen  to  wind  round  the 
axis  in  opposite  directions,  as  in  the  Houseleek  (Fig.  207 ;  where 
the  numbers,  1,  6, 11  belong  to  a  spire  that  winds  to  the  lefl;  1, 
9,  17  to  another,  which  winds  to  the  right;  and  3,  6,  9,  12  to  stiU 
another,  that  winds  in  the  same  direction)  :  they  are  still  more  ob- 
vious in  Pine-cones  (Fig.  208,  209).  These  oblique  spiral  ranks 
are  a  necessary  consequence  of  the  regular  ascending  arrangement 
of  parts  with  equal  intervals  over  the  circumference  of  the  axis :  and 
if  the  leaves  are  numbered  consecutively,  these  numbers  will  neces- 
sarily stand  in  arithmetical  progression  on  the  oblique  ranks,  and 
have  certain  obvious  relations  with  the  primary  spiral  which  origi- 
nates them ;  as  will  be  seen  by  projecting  them  on  a  vertical  plane. 

244.  Take,  for  example,  the  quincunical  (f )  arrangement,  where, 
as  in  the  annexed  diagram,  the  ascending  spiral,  as  written  on  a 
plane  surface,  appears  in  the  numbers  1,  2,  3,  4,  5,  6,  and  so  on : 

.  7TG.  207.  An  oflM:  of  the  Trntiw>1eek,  with  the  roMtte  of  lefiTeM  noexpanded,  exhibiting  the 
5-13  urmngement ;  the  fourteenth  leaf  being  directly  o?er  the  first. 

12* 
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the  vertical  ranks  thus  formed,  beginning  with  the  lowest  (which 
we  place  in  the  middle  column,  that  it 
may  correspond  with  the  Larch-cone,  Fig. 
208,  where  the  lowest  scale^  1,  is  turned 
directly  towards  the  observer),  are  neces- 
sarily the  numbers  1,  6,  11 ;  4, 9,  14 ;  2,  7, 
12 ;  5,  10,  15 ;  and  8,  8,  18.  But  two 
parallel  oblique  ranks  are  equally  apparent, 
ascending  to  the  left ;  viz,  1,  8,  5,  which,  if  we  coil  the  diagram 
round  a  cylinder,  will  be  continued  into  7,  9,  11,  18,  15 ;  and  also 
2,  4,  6, 8, 10,  which  runs  into  12, 14,  and  so  on,  if  the  axis  be  further 
prolonged.  Here  the  circumference  is  occupied  by  two  secondary 
left-hand  series,  and  we  notice  that  the  common  difference  in  the 
sequence  of  numbers  is  two :  that  is,  the  number  of  the  parallel  sec- 
ondary spirals  is  the  same  as  the  common  difference  of  the  numbers 
on  the  leaves  that  compose  them.  Again,  there  are  other  parallel 
secondary  spiral  ranks,  three  in  number,  which  ascend  to  the  right ; 
viz.  1,  4,  7,  continued  into  10,  18 ;  8,  6,  9,  12,  continued  into  15 ; 
and  5,  8, 11, 14,  &c. ;  where  agdn  the  common  difference,  8,  accords 
with  the  number  of  such  ranks.  This  fixed  relation  enables  us  to 
lay  down  the  proper  numbers  on  the  leaves,  when  too  crowded  for 
directly  following  their  succession,  and  thus  to  ascertain  the  order  of 
the  primary  spiral  B&cies  by  noticing  what  numbers  come  to  be  super- 
posed  in  the  vertical  ranks.  We  take,  for  example,  the  very  simple 
cone  of  the  smaU-ftruted  American  Larch  (Fig.  208),  which  usually 
completes  only  two  cycles ;  for  we  see  that  the  lowest,  one  interme- 
diate, and  the  highest  scale,  on  the  side  towards  the  observer,  stand 
in  a  vertical  row.  Marking  this  lowest  scale  1,  and  counting  the 
parallel  secondary  spirals  that  wind  to  the  left,  we  find  that  two 
occupy  the  whole  circumference.  From  1,  we  number  on  the  scales 
of  that  spiral  8,  5,  7,  and  so  on,  adding  the  common  difference  2,  at 
each  step.  Again,  counting  from  the  base  the  right-hand  secondary 
spirals,  we  find  three  of  them,  and  therefore  proceed  to  number  the 
lowest  one  by  adding  this  common  difference,  viz.  1, 4, 7, 10 ;  then,  pass- 
ing to  the  next,  on  which  the  No.  8  has  already  been  fixed,  we  carry 
on  that  sequence,  6,  9,  &c  ;  and  on  the  third,  where  No.  5  is  already 
fixed,  we  continue  the  numbering,  8,  11,  &c  This  gives  ^s,  in  the 
vertical  rank  to  which  No.  1  helongs,  the  sequence  1,  6, 11,'  showing 

FIO.  20S.    A  cone  of  th«  nnall-fhiited  American  Larph  (T^rlx  Aro«rlc«im),  with  the  fcakc 
nwnbered,  exhibiting  the  flre-nuiked  amngement,  m  in  Um  annexed  diagnun. 
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that  the  arrangement  is  of  the  quincnncial  (f )  order.  It  is  fiirther 
noticeable,  that  the  smaller  number  of  parallel  secondary  spirals,  2, 
agrees  with  the  numerator  of  the  fraction  in  this  the  f  arrangement ; 
and  that  this  number  added  to  that  of  the  parallel  secondary  spirals 
which  wind  in  the  opposite  direction,  yiz.  S,  gives  the  denominator 
of  the  fraction.  Tliis  holds  good  throughout ;  so  that  we  have  only 
to  count  the  number  of  paraUel  secondary  spirals  in  the  two  direc- 
tions, and  assume  the  smaller  number  as  the  numerator,  and  the  sum 

Vertical  Projection         Vertical  Projection  of  the  ^ 
of  the  f  Arrange'  Arrangement, 
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of  this  and  the  larger  number  as  the  denominator,  of  the  fraction 
which  expresses  the  angular  divergence  sought     For  this  we  must 

FIG  200.  A  eoD6  of  th«  White  Pine,  on  whkb  the  numben  an  laid  down,  and  the  leading 
Mgbcr  Meoodary  fpirala  ara  Indicated :  thoaa  with  the  common  dlOerenee  8  are  marked  hj 
dotted  Unee  aeeeodlof  to  the  right ;  two  of  the  tre  that  wind  In  the  oppodte  dfaeetlon  are 
aleo  marked  with  dotted  llnee :  the  Mt  with  the  rommon  difference  8,  In  one  direction,  and 
that  with  the  comaMB  difference  2,  in  the  other,  are  Tery  manUeet  In  the  cone. 
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take,  however,  the  order  <^  secondary  spirals  nearest  the  vertical 
rank  in  each  direction,  when  there  are  more  than  two,  as  there  are 
in  all  the  succeeding  cases. 

245.  A  similar  diagram  of  the  f  arrangement  introduces  a  set  of 
secondaiy  spirals,  in  addition  to  the  two  foregoing,  aseending  in  a  near- 
er ap{nt>ach  to  a  vertical  line,  and  with  a  hi^ier  common  difference, 
viz.  5.  There  are  accordii^lj  fire  of  this  sort,  viz.  those  indicated 
in  the  diagram  hy  the  series  1,  6, 11, 16 ;  4,  9, 14, 19,  24 ;  2,  7, 12, 
17, 22  ;  5, 10, 15,  20^  25  ;  and  3, 8,  IS,  18, 23.  The  highest  obvious 
spiral  in  the  opposite  direction,  viz.  that  of  which  the  series  1,  4,  7, 
10,  13  is  a  specimen,  has  the  common  difference  3,  and  gives  the 
numerator,  and  3  -|-  5  the  denominator,  of  the  fraction  f .  The  next 
case,  1^,  which  is  exemplified  in  th^  rosettes  of  the  Houseleek  (Fig. 
207)  and  in  the  cone  of  the  White  Pine  (Fig.  209),  introduces  a 

^  fourth  set  of  secondary  spirals,  eight  in  number,  with  the  common 
difference  eight,  viz.  that  of  which  the  series  1,  9, 17^  25  is  a  repre- 
sentative. The  set  that  answers  to  this  In  the  opposite  direction, 
viz.  1,  6,  11,  16,  21,  26,  with  the  common  difference  5,  gives  the 
numerator,  and  5  -}-  8  the  denominator,  of  the  firaction  ^.  We  may 
here  compare  the  diagram  with  an  actual  example  (Fig.  209) ;  a 
part  of  the  numbers  are  of  course  out  of- sight  om  the  other  side  <^ 
the  cone.    The  same  laws  equally  apply  to  the  still  higher  modes. 

246.  The  order  is  uniform  in  the  same  species,  but  often  varioos 
in  allied  species.  Thus,  it  is  only  f  in  our  common  American  Larch ; 
in  the  European  species,  ^,  The  White  Pine  is  f^,  as  is  also  the 
Black  Spruce ;  but  other  Pines  with  thicker  con^s  exhibit  in  differ- 
ent species  the  fractions  /p,  ^^  and  f  i.  Sometimes  the  primitive 
spiral  ascends  from  lefl  to  right,  sometimesr  from  right  to  left  Chie 
direction  or  the  other  generally  prevails  in  each  species,  yet  both 
directions  are  not  unfrequently  met  with,  even  in  different  cones  of 
the  same  tree. 

247.  When  a  branch  springs  from  a  stem  or  parent  axis,  the  spi- 
ral is  continued  from  the  leaves  of  the  stem  to  those  of  the  branch,  so 
that  the  leaf  frt>m  whose  axil  the  branch  arises  begins  the  spire 
of  that  branch.  When  the  spire  of  the  branch  turns  in  the  same 
direction  as  that  of  the  parent  axis,  as  it  more  commonly  does,  it  is 
said  to  be  homodromout  (from  two  Greek  words,  signifying  like 
course) :  when  it  turns  in  the  opposite  direction,  it  is  said  to  bo 
heterodramous  (or  of  different  course). 

248.  The  cases  represented  by  the  fractions  ^,  i,  and  {  are  the 
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most  Stable  and  certain,  as  well  as  the  easiest  to  observe.  In  the 
higher  forms,  the  exact  order  of  superposition  oflen  becomes  uncer- 
tain, owing  to  a  slight  torsion  of  the  axis,  or  to  the  difficulty  of 
observing  whether  the  9th,  14th,  22d,  85th,  or  56th  leaf  is  truly 
over  the  first,  or  a  little  to  the  one  side  or  the  other  of  the  vertical 
line.  Indeed,  if  we  express  the  angle  of  divergence  in  degrees  and 
minutes,  we  perceive  that  the  difference  is  so  small  a  part  of  the 
circumference,  that  a  veiy  slight  change  will  substitute  one  order  for 
another.  The  divergence  in  -j^y  ■■  138**  24'.  In  all  those  beyond, 
it  is  137^  plus  a  variable  number  of  minutes,  which  approaches 
nearer  and  nearer  to  d<y*  Hence  M.  Bravais  considers  all  these  as 
mere  alterations  of  one  typical  arrangement,  namely,  with  the  angle 
of  divergence  137**  SO*  28",  which  is  irrational  to  the  circumference, 
that  is,  not  capable  of  dividing  it  an  exact  number  of  times,  and  con- 
sequently never  bringing  any  leaf  precisely  in  a  right  line  over  any 
preceding  leaf,  but  placing  the  leaves  of  what  we  take  for  vertical 
ranks  alternately  on  both  sides  of  this  line  and  very  near  it,  approach- 
ing it  more  and  more,  without  ever  exactly  reaching  it.  These 
forms  of  arrangement  he  therefore  distinguishes  as  curviserialy  be- 
cause the  leaves  are  thus  disposed  on  an  infinite  curvCj  and  are 
never  brought  into  exactly  straight  ranks.  The 
others  are  correspondingly  termed  rectiserialj 
because,  as  the  divergence  is  an  integral  part 
of  the  circumference,  the  leaves  are  necessarily 
brought  into  rectilineal  ranks  for  the  whole 
length  of  the  stem. 

249.  A  different  series  of  spirals  sometimes 
occurs  in  alternate  leaves,  viz.  J,  i,  |,  -ft^ ;  and 
still  others  have  been  detected;  but  these  are 
rare  or  exceptional  cases. 

250.  Opposite  leaTes  (237,  Fig.  210).  In 
these,  almost  without  exception,  the  second  pair 
is  placed  over  the  intervals  of  the  first,  the  third 
over  the  intervals  of  the  second,  and  so  oxu 
More  commonly,  as  in  plants  of  the  Labiate 
or  Mint  Family,  the  successive  pmrs  cross  each 
other  exactly  at  right  angles,  so  that  the  third 

pair  stands  directly  over  the  first,  the  fourth  "• 

over  the  second,  &c^  forming  four  equidistant  vertical  ranks  for  th« 

no.  210.    QppodU  iMTes  of  Uie  Stiawbcrry-tmsb,  or  EuoDjrmos  AmericaQog. 
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whole  length  of  the  stem.  In  this  case,  the  leaves  are  said  to  be 
dectissate.  In  other  cases,  as  in  the  Pink  Family,  often  the  sooeee- 
sive  pairs  deviate  a  litde  fit>m  this  line,  so 
that  we  have  to  pass  several  pairs  before  we 
reach  one  exactly  superposed  over  the  pair 
we  start  with.  This  indicates  a  spiral  ar- 
rangement, which  falls  into  some  one  of  the 
modes  already  illustrated  in  alternate  leaves* 
only  that  here  each  node  bears  a  pair  of 
leaves. 
251.  Tertielllate  or  Whoried  Letm  (Fig.  211) 

follow  the  same  modes  of  arrangement  as  op- 
posite leaves.    Sometimes  they  decuuatey  or  the  leaves  of  one  whorl 
correspond  to  the  intervals  oi  that  underneath,  making  twice  as 
many  vertical  ranks  as  there  are  leaves  in  the  whorl ; 
sometimes  they  wind  spirally,  so  that  each  leaf  of  the 
whorl  belongs  to  as  many  parallel  spirals,  analogous 
to  the  secondary  spirals   in  the  case  of  alternate 
leaves. 

252.  The  opposition  or  alternation  of  the  leaves  is 
generally  constant  in  the  same  species,  and  oftmi 
through  the  same  family ;  yet  both  modes  occasionaUy 
occur  on  the  same  stem,  as  in  the  common  Snap- 
dragon and  the  Myrtle.  All  Exogens,  having  their 
cotyledons  opposite,  necessarily  commence  with  that 
mode  (Fig.  103-125)  ;  many  retain  it  throughout; 
others  cliange  to  alternation,  either  directly  in  the 
primordial  leaves  (Fig.  Ill*,  121),  or  at  a  later 
period.  In  Fndogens,  on  the  contrary,  the  first  leaves 
are  necessarily  alternate  (128),  and  it  is  seldom  that 
0iey  ailerwards  exhibit  opposite  or  whoried  leaves. 
The  Pine  in  germination  commences  with  a  whorl  of 
leaves  (Fig.  133, 134)  ;  but  the  subsequent  ones  are 
alternate.  The  Pine,  however  (Fig.  212),  and  the 
Larch,  bear  what  are  termed  ^ 

253.  Fascicled  Icara.    These  are  really  the  leaves  of  an  axil- 
lary bud.    They  remain  in  a  tufl  or  cluster  because  the  axis  of 

VTO.  311.    Vertielllate  or  wborled  Imtm  of  a  QmUom  or  Bedttrmw. 

710.  212.  Piece  of  a  bnnchlet  of  Pitch  Pine,  witli  three  leaTci  In  »  fudcle  or  bundk.  la 
the  axtl  of  a  thin  scale  (a)  which  anflwen  to  a  primary  leaf.  The  bundle  U  ■unoonded  at  tba 
bMe  by  a  thort  tbeath,  formed  of  the  delicate  aoalet  of  the  axillary  bad. 
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the  bud  does  not  lengthen.     This  is  plainly  seen  in  the  spring 
leaves  of  the  Barberry  and  of  the  Larch  (Fig.  213),  crowded  on 
short  spurs,  some  of  which  soon  elongate  into  ordinary  shoots  with 
scattered   alternate  leaves.     Their 
nature  is  less  evident  in  Pines,  on 
account  of  the  peculiar  character  of 
the  leaves  of  the  main  axis,  from 
whose  axil  the  tuft  of  two,  three,  or 
five  leaves  arises,  the  primary  leaf 
in  this  case  being  a  thin  and  chafify 
scale  (Fig.  212,  a)  which  soon  falls 
oft,  while  the  actual  foliage  all  be- 
longs to  the  axillary  clusters.     So  in  the  common  Barberry  the  prop- 
er leaves  of  the  lengthened  stems  are  chiefly  in  the  form  of  spines 
(Fig.  296),  and  the  actual  foliage  appears  in  fascicles  in  their  axils. 

254.  As  regards  their  general  position  on  the  stem,  leaves  are  said 
to  be  radical,  when  they  are  borne  on  the  stem  at  or  below  the  sur- 
face of  the  ground,  so  as  apparently  to  grow  from  the  root,  as  those 
of  the  Bloodroot,  Plantain,  Primrose,  and  of  the  acaulescent  (154) 
Violets :  those  that  arise  along  the  nuiin  stem  are  termed  cavline  ; 
those  of  the  branches,  ramecd ;  and  those  which  stand  upon  or  at 
the  base  of  flower-branches  are  called  floral;  the  latter,  moreover, 
are  generally  termed  bracts* 

255.  With  respect  to  succession,  those  leaves  which  manifestly 
exist  in  the  embryo  are  called  seminal;  the  first  or  original  pair 
receiving  the  name  o(  cotyledons  (120),  and  usually  differing  wide- 
ly in  appearance  from  the  ordinary  leaves  which  suceeed  them. 
The  earliest  ordinary  leaves  are  termed  primordiaL  These,  as  well 
as  the  cotyledons,  usually  perish  soon  after  others  are  developed  to 
8upply  their  place. 

256.  As  pertaining  to  the  arrangement  of  leaves,  we  should  here 
notice  the  modes  in  which  they  are  disposed  before  expansion  in 
the  bud ;  namely,  their 

257.  Teraatloo  or  Prafoliltioil.  The  latter  is  the  most  character- 
istic name,  but  the  former,  given  by  Linnaeus  (literally  denoting 
their  spring  state),  is  the  more  ancient  and  usual.  Two  things  are 
included  under  this  head :  —  1st,  the  mode  in  which  each  leaf  con- 
sidered separately  is  disposed ;  2d,  the  arrangement  of  the  several 

FIO.  213.    PiMe  of  a  bxmnchkt  of  tho  Larch,  idth  two  flueiclM  of  leaTW. 
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leaves  of  the  same  bud  in  respect  to  each  other.  This  last  is  evi- 
dently connected  with  phyllotaxis,  or  their  position  and  order  of 
succession  on  the  stem.  As  to  the  firsts  leaves  are  for  the  most 
part  either  bent  or  folded^  or  roUed  up  in  vernation.  Thus,  the 
upper  part  may  be  bent  on  the  lower,  so  that  the  apex  of  the  leaf 
is  brought  down  towards  the  base,  as  in  the  Tulip-tree,  when  the 
leaves  are  inflexed  or  reclinate  in  vernation ;  or  the  leaf  may  be 
folded  along  its  midrib  or  axis,  so  that  the  right  half  and  the  left 
half  are  applied  together,  as  in.  the  Oak  and  the  Magnolia,  when 
tlie  leaves  are  condupUccUe  ;  or  each  leaf  may  be  folded  up  a  cer^ 
tain  number  of  times  like  a  fan,  as  in  the  Maple,  Currant,  and  Vine, 
when  they  are  said  to  be  plicate  or  plaited.  The  leaf  may  be 
rolled  either  parallel  with  its  axis,  or  on  its  axis.  In  the  latter  case 
it  is  spirally  rolled  up  from  the  apex  towards  the  base,  like  a  crosier, 
or  circinnate,  as  in  true  Ferns  (Fig.  100),  and  among  Phasnoga- 
mous  plants  in  the  Drosera  or  Sundew.  Of  the  former  there  are 
three  ways  ;  viz.  the  whole  leaf  may  be  laterally  rolled  up  from  one 
edge  into  a  coil,  with  the  other  edge  exterior,  when  the  leaves  are 
said  to  be  convolute^  as  in  the  Apricot  and  Cherry ;  or  both  edges 
may  be  equally  rolled  towards  the  midrib ;  either  inwards,  when 
they  are  involute^  as  in  the  Violet  and  the  Water-Lily ;  or  else  out- 
wards, when  they  are  revolute^  as  in  the  Rosemary  and  Azalea.  Fig. 
214-219  are  Linnsean  diagrams  of  sections  of  leaves,  illustrating 
the  principal  modes  of  vernation. 

258.  Considered  relatively  to  each  other,  leaves  are  vahate  in 
vernation  when  corresponding  ones  touch  each  other  by  their  edges 

only,  without  overlap- 
ping: they  are  imbri- 
cated when  the  outer 
successively  overlap 
the  inner,  by  their 
edges  at  least,  in  which 
case  the  order  of  over- 
lapping exhibits  the 
phyUotaxis,  or  order 
of  succession  and  po- 
sition. In  these  cases 
the  leaves  are  plane  or  convex,  or  at  least  not  much  bent  or  rolled. 

TIO.  214.    Condupllcate ;  215.  PHeata  or  plaited ;  216.  ConToluto ;  217.  Rerolate ;  S18. 
InToluto }  and,  219.  Circinato,  ▼•rnatkm. 
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When  leaves  with  their  margins  involate  are  applied  together  in  a 
drde  without  overiapping,  the  vernation  is  indupUcaU.  When,  in 
condnpiicate  leaves,  the  outer  sneoessively  embrace  or  sit  astride  of 
those  next  within,  the  vernation  is  eguitcuUj  as  the  leaves  of  the  Iris 
at  their  base  (Fig.  296) ;  ot  when  each  receives  in  its  fold  the  half 
of  a  corresponding  leaf  folded  in  the  same  manner,  the  vernation  is 
kaif-tqmUmt  or  ohvoitUe.  These  terms  equally  apply  to  leaves  in 
.their  full-grown  condition,  whenever  they  are  then  so  situated  as  to 
overlie  or  embrace  ooe  another.  They  likewise  apply  to  the  parts 
in  the  flower-bud,  under  the  name  of  aestivation  or  prssfloration. 
Chap.  rX.  Sect.  V. 


Sect.  U.    Their  Structure  and  Conformation. 

259.  loatomy  of  the  leaf.  The  complete  leaf  consists  of  the 
Blade  (Lamina  or  Limbj  Fig.  229,  ^),  with  its  Petiole  or  Leaf- 
ttalkj  p,  and  at  its  base  a  pair  of  Stipules,  tt.  Of  these  the  latter 
are  frequently  absent  altogether,  and  in  many  cases  where  they 
originally  exist  they  fall  away  as  the  leaf  expands.  The  petiole  is 
very  often  wanting ;  when  the  leaf  is  sessiky  or  has  its  blade  rest- 
ing immediately  on  the  stem  that  bears  it  (as  in  Fig.  210,  211). 
Sometimes,  moreover,  there  is  no  proper  blade,  but  the  whole  organ 
is  cylindrical  or  stalk-hke.  It  is  the  general  characteristic  of  the  leaf, 
however,  that  It  is  an  expanded  body.  Indeed,  it  may  be  viewed  as 
a  contrivance  for  increasing  the  green  surface  of  a  plant,  so  as  to 
expose  to  the  light  and  air  the  greatest  practicable  amount  of  paren- 
diyraa  containing  the  green  matter  of  vegetation  {chhropkyUy  92), 
upon  wliich  (be  light  exerts  its  peculiar  action.  Leaves  as  foliage, 
accordingly,  are  what  we  are  now  principally  to  consider 

260.  In  a  general,  mechanical  way,  it  may  be  said  leaves  are  defi- 
nite protrusions  of  the  green  layer  of  the  bark,  expanded  horizon- 
tally into  a  thin  lamina,  and  stiffened  by  tougli,  woody  fibres  (con- 
nected both  with  the  liber,  or  inner  barjc,  and  the  wood),  which  form 
its  framework,  ribs,  or  veint.  Like  the  stem,  therefore,  the  leaf  is 
made  up  of  two  distinct  parts,  the  cellular  and  the  woody.  The 
cellular  portion  is  the  green  pulp  or  parenchyma :  the  woody,  is  the 
skeleton  or  framework  which  ramifies  among  and  strengthens  the 
former.  The  woody  or  fibrous  portion  fulfils  the  same  purposes  in 
the  leaf  as  in  the  stem,  not  only  giving  firmness  and  support  to  the 

13 
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delicate  cellular  apparatus  but  also  senring  for  the  conyejance  and 
distribution  of  the  sap.  The  subdivision  of  theae  rt&t,  or  vei xt ,  of 
the  leaff  as  they  are  not  inappropriately  called,  continues  beyond 
the  limits  of  unassisted  vision,  until  the  bundles  or  threads  of  woody 
tissue  are  reduced  to  very  delicate  fibres,  ramified  throughout  the 
green  pulp. 

261.  The  cellular  portion  of  the  leaf  consists  of  thin-walled  cells 
of  loose  parenchyma,  containing  grains  of  MorophyUy  to  which, 
the  green  color  of  foliage  is  entirely  owing.  The  celb  are  not 
heaped  promiscuously,  but  exhibit  a,  regular  arrangement ;  upon  a 
plan,  too,  which  varies  in  different  parts  of  the  1^,  according  to  the 
different  conditions  in  which  it  is  placed. 

262.  Leaves  are  almost  always  expanded  horizontally,  so  as  to 
present  one  surface  to  the  ground  and  the  other  to  the  sky;  and 
the  parenchyma  forms  two  general  strata,  one  belonging  to  the 
upper  and  the  other  to  the  lower  side.  The  microscope  displays  a 
manifest  difference  in  the  parenchyma  of  these  two  strata.  That 
of  the  upper  stratum  is  composed  of  one  or  more  compact  layers  of 
oblong  cells,  placed  endwise,  or  with  their  long  diameter  perpen- 
dicular to  the  surface ;  while  that  of  the  lower  stratum  is  very  loosely 
arranged,  leaving  numerous  vacant  spaces  between  the  cells ;  and 
when  the  cells  are  oblong,  their  longer  diameter  is  parallel  with  the 
epidermis.  This  is  shown  in  Fig.  7,  which  represents  a  magnified 
section  through  the  thickness  (perpendicular  to  the  surface)  of  a 
leaf  of  the  Star- Anise  of  Florida ;   where  the  upper  stratum  of 

parenchyma  consists  of  only  a 
single  series  of  perpendicular 
cells.  Also  in  Fig.  220,  which 
represents  a  similfir  view  of  a 
thin  slice  of  a  leaf  of  the  Gar- 
den Balsam.  Fig.  221  repre- 
sents a  piece  cut  out  of  a  leaf 
of  the  Wliite  Lily ;  whei-e  the 
upper  stratum  is  composed  of 
*"  only  one  compact  layer  of  ver- 

tical  cells.  The  parenchyma  is  alone  represented ;  the  woody  por- 
tion, or  veins,  being  lefl  out    The  more  compact  structure  of  the 

FIG  220.  Magnified  nctton  tkrough  the  thickness  of  a  leaf  of  the  Oarden  Balsain '.  «,  Mo- 
tion of  the  epidennia  of  the  upper  surface ;  6,  of  the  upper  stratum  of  paroBohj-ma ;  c,  of  the 
looser  atmtnm ;  rf,  of  the  epldemla  of  the  k»w«r  surface.    ( AOec  BionciiiarL) 
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«p^  fitratum  shows  why  the  upper  surface  of  leaves  is  of  a  deepei^ 
green  than  the  lower. 

268.  The  object  which  this  arrangement  snbserres  wiU  appear 
evident,  wlien  we  consider  that  the  spaces  between  the  cells,  filled 
with  air,  conununieate  fraelj  with  each  other  throughout  the  leaf, 
and  also  with  the  external  air  bj  means  of  openings  in  the  epideiv 
mis  {preaentty  to  be  described)  ;  and  when  we  consider  the  powerful 
action  of  the  sun  to  promote  ovaporation,  especially  in  dry  airt  and 
that  the  thin  walls  of  the  cells,  like  all  vegetable  membrane,  allow 
of  the  free  escape  of  the  contained  fnoisture  by  transudation.  The 
compactness  of  the  cells  of  that  stratum  which  is  pressented  immedi^ 
ately  to  the  sun,  and  their  vertic^  elongation,  so  that  each  shall 
expose  the  least  possible  surface,  obviously  serve  to  protect  the 
loose  parenchyma  beneath  from  the  too  powerful  action  of  direct 
sunshine.  This  provision  is  tlie  more  complete  in  the  case  of  plants 
which  retain  their  foliage  through  a  season  of  drought  in  arid  re^ 
gions,  where  the  soil  is  dually  so  parched  during  the  dry  season, 
that,  for  a  long  period,  it  afibrds  only  a  scanty  supply  of  moisture  to 
the  roots.  Compare,  in  this  respect,  a  leaf  of  the  Lily  (Fig.  221), 
where  tlie  upper  stratum  contains  but  a  single  layer  of  barely  oblong 
cells,  with  the  firm  and  more  enduring  leaf  of  the  Oleander^  the 


upper  stratum  of  which  consists  of  two  layers  of  long  and  narrow 
vertical  cells  as  closely  compacted  as  possible  (Fig.  222).     So  dif- 

fIQ«  221.    A  niiwnifl^  Mctkm  thnwgh  tbe  thieknaM  of  »  mtniito  piece  of  the  Inf of  the 
White  Ii\]r  of  Uie  judeiM,ehowing  al«>  a  portkaof  the  under  lidB  with  some  bnathix«-p(i«|^ 
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ferent  is  the  organization  of  the  two  strata,  that  a  leaf  soon  perishes 
if  reversed  so  as  to  expose  the  lower  surface  to  direct  sunshine. 

264.  A  further  and  more  effectual  provision  for  restnuning  the 
perspiration  of  leaves  within  due  limits  is  found  in  the  Epidermigy 
or  skin,  that  invests  the  leaf,  as  it  does  the  whole  surface  of  the  v^e* 
tahle  (69),  and  which  is  so  readily  detached  from  the  succulent  leaves 
of  such  plants  as  the  Stonecrop  and  the  Live^^r-ever  (Sedum)  of 
the  gardens.  The  epidermis  is  composed  of  smaU  cells  belonging  to 
the  outermost  lajer  of  cellular  tissue,  with  the  pretty  thidc-sided 
walls  very  strongly  coherent,  so  as  to  form  a  firm  membrane.  Its 
cells  contain  no  chlorophyll  In  ordinary  herbs  that  allow  of  ready 
evaporation,  this  membrane  is  made  up  of  a  single  layer  of  cells  ;  as 
in  the  Lily,  Fig.  221,  and  the  Balsam,  Fig.  220.  It  is  composed  of 
two  layers  in  cases  where  one  might  prove  insufficient ;  and  in  the 
Oleander,  besides  the  provision  against  too  copious  eviqporation, 
already  described   (263),  the    epidermis   consists  of  three    com- 

pact  layers  of  very  thick-sided 
cells  (Fig.  222).  It  is  generally 
thick,  or  hard  and  impermeable^ 
in  the  firni  leaves  of  the  Pitto- 
sporum,  Laurustinus,  and  other 
*"  plants,  whidi  will  thrive,  for  this 

very  reason,  where  those  of  more  deticate  foliage  are  liable  to  per- 
ish, in  the  dry  atmosphere  of  our  rooms  in  winter. 


flO  2S2.  Magnified  Mctlon  throngli  a  part  only  of  the  UrickiMU  of  a  loaf  of  tiw  Oteander, 
■liowinf  tbo  opIdemilB  of  the  vipper  snifue,  formed  of  three  layers  of  thkk-waUed  oells  and 
the  two  veiy  eoni]»act  layers  of  eylindrical  oells  standing  endwise. 

FIG.  22&  Magnified  slice  of  the  epidermis  and  snperflcial  parenebym*  of  a  Gaetos,  after 
■ahlBMan ;  esUbltiog  the  epldetmls  (a)  greatly  thldcened  by  a  stiMified depoaitioiiin  the  eeUs : 
and  some  eeUs  of  the  parenehyma  likewise  neariy  filled  with  an  incmsting  deposit.  The  depo- 
BlUon  in  sneh  cases  is  always  irregular,  learing  canals  or  passages  which  nearly  connect  tbo 
M^aoent  cells.    Serenl  of  the  ceUs  contain  crystals  (94 ). 

VIG.  234.  Similar  aeetlon  from  another  species  of  Oaotos,  passing  throogh  one  of  the  ato- 
vala,  and  tho  deep  interoeUolar  space  beneath  it 
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265.  In  gQch  firm  kaves,  especially,  the  walU  of  the  epidennal 
cells  are  soon  thickened  by  internal  deposition  (44),  especially 
on  the  superficial  side.  This  is  well  seen  in  the  q>idemiis  of  the 
Aloe,  and  in  other  fleshy  plants,  which  bear  severe  drought  with 
impunity :  in  Fig.  223,  it  is  shown,  at  a,  in  the  rind  of  a  Cactus, 
In  which  the  green  layer  of  the  whole  stem  answers  the  purpose 
of  leaves.  Sometimes  an  exterior  layer  of  this  superficial  deposit 
in  the  epidermis  may  be  detached  in  the  form  of  a  continuous,  ap- 
parently structureless  membrane,  which  Brongiiiart  and  succeeding 
authors  have  called  the  Cuticle.  That  it  may  shed  water  readily, 
the  8urfiu»  of  leaves  is  commonly  protected  by  a  very  thin  varnish 
of  wax,  or  else  with  a  bloom  of  the  same  substance  in  the  form  of  a 
whitish  powder,  which  easily  rubs  off  (85),  as  is  fiBuniliarly  seen  in  a 
Cabbage-]ea£ 

266.  A  thickening  deposit  sometimes  takes  place  in  the  cells  of 
parenchyma  immediately  underneath  the  epidermis,  especially  in 
the  Cactus  Family,  where  the  once  thin  and  delicate  walls  of  the 
eeDs  become  excessively  and  irregularly,  thickened  (Fig.  223,  224), 
so  as  doubtless  to  arrest  or  greatly  obstruct  exhalation  through  the 
rind.  Something  like  this  choking  of  the  cells  must  commonly 
occur  with  age  in  most  leaves,  paiticularly  thoise  that  live  for  more 
than  one  season  (311). 

267.  But  the  multiplication  of  these  safeguards  against  exhalation 
might  be  liable  to  defeat  the  very  objects  for  which  leaves  are  prin^ 
cipally  destined  Evaporation  fixMn  the  parenchyma  of  the  leaves 
is  essential  to  the  plant,  as  it  is  the  only  method  by  which  ita  exoes- 
aively  dilute  food  can  be  concentrated.  Some  arrangement  is  requi- 
site that  shall  allow  of  sufficient  exhalation  from  the  leaves  while 
the  plant  is  freely  supplied  with  moisture  by  the  roots,  but  restrain 
it  when  the  supply  is  deficient  It  is  clear  that  the  greatest  demand 
is  made  upon  the  leaves  at  the  very  period  when  the  supply  through 
the  roots  is  most  likely  to  fail ;  for  the  summer's  sun,  which  acts  so 
powerfully  on  the  leaves,  at  the  same  time  parches  the  s<mI  upon 
winch  the  leaves  (through  the  rootlets)  depend  for  the  moisture  they 
exhale.  So  long  as  their  demands  are  promptly  answered,  all  goes 
welL  The  greater  the  force  of  the  sun's  rays,  the  greater  the  speed 
at  which  the  vegetable  machinery  is  driven.  But  whenever  the 
supply  at  the  root  fails,  the  foliage  begins  to  flag  and  droop,  as  is  so 
oHen  seen  under  a  sultry  meridian  sun ;  and  if  the  exhaustion  pro- 
ceeds beyond  a  certain  point,  the  leaves  inevitably  wither  and  perish. 

13  ♦ 
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« 

Borne  adaptation  lA  therefore  needed,  analogoos  io  a  self-acting  yalvev 
which  shall  regukte  the  exhalatioo  aoeording  to  the  Bopplj.  Such 
an  office  is  aetnattf  iUfilled  hj 

268.  Tkf  ttoHltm  Slamate$y  or  Br&atking'-p6re$  (70).    Throngh 
the  orifices  whieb  bear  this  name,  exhaladon  prindpalljr  tidces  places  • 
in  all  ordinary  cases,  where  the  epidermis  is  thick  and  firm  enough 
to  prerent  much  escape  of  moisture  by  direct  transudation.    Th^ 

stomata  (Fig.  225-228)  are  always  so 
situated  as  to  open  directly  into  the  hoI> 
low  chambers,  or  afar-carities,  *  which 
pervade  the  parenchyma  (Fig;  221), 
espedaUy  the  lower  stratum,  so  as  to 
anofd  free  communication  between  the 
external  air  and  the  whole  interior  of 
the  leaf.  The  perforation  of  the  epi- 
«•  dermis  is  between  two  (or  rarely  font) 

delicate  and  commonly  crescent-shaped  cells,  which,  imlike  the  rest 
of  the  epidermis,  usuaUy  contain  some  chlOTophyll,  and  in  other  re^ 
spects  resemble  the  parenchyma  beneath.  When  moistened  these 
guardian-cells  change  their  form,  becoming  more  crescentic  as  they 
become  more  turgid,  thereby  separating  in  the  middle  and  opening  it 
free  communication  between  the  outer  air  and  the  interior  of  the 
lea£  As  they  become  drier,  they  shorten  and  straighten,  so  as  to 
bring  the  sides  of  the  two  into  contact  and  close  the  orifice.*  The 
use  of  this  mechanism  will  be  readily  understood.    So  long  as  the  leaf 

■*'■'!  ■  III  III' 

•  They  expand  and  contract  most  in  the  direetSon  of  their  length ;  and  the 
ekmgatkm  and  increaaed  canratore  when  moist  draws  in  the  coacaTe  side  and 
10  enlaiges  the  aperture.  The  mechanism  of  the  opening  and  shuttiag  of  sto- 
mata has  been  recently  investigated  hy  Mohl  (in  BoL  Zdtung  for  IS56,  p.  697» 
—  an  abstract  of  the  memoir  is  given  hy  C  F.  Stone  in  Amer.  Journal  of  Sci- 
ence for  March,  1857),  —  and  these  facts  verified.  The  pecaliar  change  of  the 
gnardian-cells  in  form  seems  not  entirely  susceptible  of  mechanical  explanation, 
and  is  partly  coatroUed  (like  other  vegetable  movemenu)  hy  die  light  of  the 
son ;  bat  it  mainly  depends  upon  eadosmose,  Mohl  has  clearly  shown  tfaat^ 
while  the  gnardian-cells  themselves  act  so  as  to  open  the  stomate  in  moisture 
and  close  it  in  dryness,  the  adjacent  cells  of  the  epidermis  in  swelling  when 
moist  tend  to  close  the  stomate,  and  their  contraction  when  dry  to  open  it ;  — 
so  that  the  actual  position  at  any  time  is  a  resultant  of  nicely  a^usted  opposing 
forces. 

no.  82S.    A  highly  nuigiiiiM  picet  of  th«  cpiilOTads  of  th«  GMdm  Bdaua,  wkh  thns 
(■nn  Bitmgnlart). 
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19  in  a  moist  atmosphere,  and  is  freelj  supplied  with  sap,  the  sto^ 
mates  remain  open,  and  allow  the  free  escape  of  moisture  bj  evap* 
oration.  But  when  the  supply  fails,  and  the  parenchyma  begins  to 
be  exhausted,  the  guardian-cells,  at  least  equally  afiboted  by  the  dry« 
ness,  promptly  collapse,  and  by  closing  these  thousands  of  apertures 
check  the  drain  Uie  moment  it  becomes  injurious  to  the  plant 

269.  As  a  general  rule,  the  stomata  wholly  or  principally  belong 
to  the  epidermis  of  the  lower 

snrfiice  of  the  leaf :  the  mechan- 
ism \&  too  delicate  to  work  well 
in  direct  sunshine.  The  posi* 
tion  of  the  stomata,  find  the 
loose  texture  of  the  lower  pa« 
renchyma,  require  that  this  sur- 

&oe  should  be  shielded  from  the  sun's  too  direct  and  intense  action ; 
and  show  why  leaves  soon  perish  when  artificially  reversed,  and  pre* 
vented  from  resuming  (as  otherwise  they  spontaneously  will)  their 
natural  position.  This  general  arrangement  is  variously  modified, 
lK>w«ver,  under  peculiar  circumstances.  The  stomata  are  equally 
distributed  on  the  two  sides  of  those  leaves,  of  whatever  sort, 
which  grow  in  an  erect  position,  or  present  their  edges,  instead  of 
their  surfaces,  to  the  earth  and  sky  (294),  and  have  the  parenchym^ 
of  both  sides  similarly  constituted,  sustaining  consequent^  the  same 
relations  to  light  In  the  Water-Lilies  (Nymphsea,  Nuphar),  and 
other  leaves  which  float  upon  the  water,  the  stomata  all  belong  to 
the  upper  surface.  All  leaves  which  live  under  water,  where  there 
can  be  no  evaporation,  are  destitute,  not  only  of  stomata,  but  usually 
of  a  distinct  epidermis  also. 

270.  The  number  of  the  stomata  varies  in  different  leaves  from 
800  to  about  170,000  on  the  square  inch  of  surface.  In  the  Apple, 
there  are  said  to  be  about  24,000  to  the  square  inch  (which  is  under 
the  average  number,  as  given  in  a  table  of  36  species  by  Lindley)  i 
so  that  each  leaf  of  that  tree  would  {Present  about  100,000  of  these 
orifices.  When  the  stomata  are  not  all  restricted  to  the  lower  sur- 
fece,  still  the  greater  portion  usually  occupy  this  position.  Thus, 
the  leaf  of  Arum  Dracontium  is  said  to  have  8,000  stomata  to  a 
square  inch  of  the  upper  surface,  and  twice  that  number  in  the 

no.  226.  Hagnlfled  view  of  Ute  10,000th  part  of  a  Bqnaro  Inch  of  the  epidermis  of  the 
]»WOT  aorfte*  of  the  ImT  of  the  White  UI7,  with  Its  atomatM.  227.  A  aiugle  atomate,  more: 
aaagnWIed.    228.  Another  atomate,  widely  open. 
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same  space  of  the  lower.  The  leaf  of  the  Coltsfoot  has  12,000 
stomata  to  a  square  inch  of  the  lower  epidermis,  and  only  1,200  la 
the  upper.  That  of  the  White  Lily  has  from  20,000  to  eOfiOO  to 
the  square  inch  on  the  lower  surface,  and  perhaps  3,000  on  the  n^ 
per.  In  this  plant,  and  in  other  true  Lilies,  they  are  so  remarkably 
large  (Fig.  221,  226  -  228)  that  they  may  be  discerned  by  a  simple 
lens  of  an  inch  focus.  In  most  plants  they  are  very  much  smaller 
than  this. 

271.  Succulent  or  fleshy  plants,  such  as  those  of  the  Cactus  tribe^ 
Mesembryanthemums,  Sedums,  Aloes,  &c.,are  remarkable  for  holding 
the  water  they  imbibe  with  great  tenacity,  rather  in  coosequeace  of 
the  thickness  of  the  epidermis,  or  from  the  deposit  which  early  ae* 
cumulates  in  the  superficial  ceUs  of  the  parenchyma  (266^  than 
from  the  want  of  stomata.  The  latter  are  usually  abundant,*  but 
they  seem  to  open  less  than  in  ordinary  fJants,  except  in  young  and 
growing  parts.  H<Hice  the  tissue  becomes  gorged  as  it  were  with 
fluid,  which  is  retained  with  great  tenacity,  especially  during  the 
hot  season.  They  are  evidently  constructed  for  enduring  sevem 
droughts ;  and  are  accordingly  found  to  inhabit  dry  and  sunburnt 
places,  such  as  the  arid  plains  of  Africa, — the  principal  home  of  the 
Sti^lias,  Aloes,  succulent  Euphorbias,  &c, — or  the  hottest  and 
driest  parts  of  our  own  continent,  to  which  the  whole  Cactus  family 
is  indigenous.  Or,  when  such  plants  inhabit  the  cooler  temperate 
regions,  like  the  Sedums  and  the  common  Houseleek,  &c^  they  are 
commonly  found  in  the  most  arid  situations,  on  naked  rocks,  old 
walls,  or  sandy  plains,  exposed  to  the  fiercest  rays  of  the  noonday 
sun,  and  thriving  where  ordinary  plants  would  speedily  perish.  The 
drier  the  atmosphere,  the  greater  their  apparent  reluctance  to  part 

.  jivith  the  fluid  they  have  accumulated,  and  upon  which  they  live 
during  the  long  period  when  little  or  no  moisture  is  yielded  by  the 
soil  or  the  air.  Their  structure  and  economy  fully  explain  tneir 
tolerance  of  the  very  dry  lur  of  our  houses  in  midwinter,  whta&  or* 
dinary  thin-lenved  plants  become  unhealthy  or  perish. 

272.  Sometimes  the  leaves  of  succulent  plants  merely  become 
obese  or  misshapen,  like  those  of  the  Ice-plant  and  other  species 


*  The  thickened  epidermis  of  the  fleshy  leaves  of  the  Sea-Sand  nrort  (Hon* 
kenya)  is  provided  with  an  abundance  of  larg^  stomata,  on  the  upper  as  well 
as  the  lower  face.  But  this  plant,  though  very  fleshy,  grows  la  situations  where 
its  roots  are  always  supplied  with  moisture. 
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of  Mesembrjaniheimiin^  &c:  sometimes  they  are  reduced  to  tri- 
angnlar  projectkins  or  points,  or  are  perfectly  conlbunded  with  the 
green  bark  of  the  stem,  which  fulfils  their  office,  as  in  the  Stapelia 
aadHiost  Cacti. 

278.  TIk  DcTel^ment  of  kivei.  At  their  first  appearance,  each 
leaf  is  a  minute  papilla  or  projection  of  parenchyma  on  the  nascent 
axis  :  as  it  grows,  this  shapes  itself  into  the  blade,  and  is  eUminated 
from  the  axis.  The  petiole,  if  any,  is  later  formed,  and  by  its 
growth  raises  the  blade  from  the  stem.  Commonly  the  apex  of  the 
Uade  first  i^pears,  and  the  formation  proceeds  from  above  down« 
wards.  The  sheath  at  the  base  (as  in  most  Monocotyledons),  or 
the  stipules  (259,  which  principally  belong  to  Dicotyledons),  are  at 
first  continuous  with  the  blade,  or  divided  from  it  by  a  mere  con- 
stricdon :  the  formation  and  elongation  of  the  petiole  soon  separate 
tfaem.  The  stipules,  remaining  next  the  axis  or  source  of  nourish- 
ment, undeigo  a  rapid  development  early  in  the  bud,  so  that,  at  a 
certain  stage,  they  are  oflen  larger  than  the  body  of  the  leaf,  and 
they  accofdingly  form  in  such  cases  the  teguments  of  the  bud. 
Divided  or  lobed  and  compound  leaves  are  simple  at  the  commence- 
ment, but  the  lobes  are  very  early  developed ;  they  grow  in  respect 
to  the  axis  of  the  leaf  nearly  as  that  grew  fixHn  the  axis  of  the 
plant,  and  in  the  compound  leaf  at  length  isdate  themselves,  and 
are  often  raised  on  footstalks  of  their  own.  Conunonly  the  upper 
lobes  or  leaflets  are  first  formed,  and  then  the  lower :  but  in  those 
of  the  Walnut  and  Ailanthus,  and  other  large  ccmipound  leaves,  the 
formation  proceeds  from  below  upwards,  and  new  leaflets  continue 
to  be  produced  from  the  apex,  even  after  the  lowermost  are  nearly 
full  grown.  In  the  earliest  stage  leaves  consist  of  parenchyma 
alone:  the  fibro-vascular  tissue  which  makes  the  ribs,  veins,  oe 
firamework  appears  later. 

274.  At  the  points  on  the  surface  of  the  developing  leaf  where 
stomata  are  about  to  be  formed,  one  of  the  epidermal  cells  early 
ceases  to  enlarge  and  thicken  with  the  rest,  but  divides  into  two  (in 
the  manner  fonnerly  described,  33),  forming  the  two  guardian-cells 
of  the  stomate :  as  they  grow,  the  two  constituent  portions  of  theur 
common  partition  separate,  leaving  an  interspace  or  orifice  between. 
In  some  cases,  each  new  cell  divides  again,  when  the  stomate  is 
formed  of  four  cells  in  place  of  two. 

275.  The  Forms  of  Leaves  are. almost  infinitely  various.  These 
afford   some  of  the   readiest,  if  not  the  most  certain,  marks  for 
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charaeterizing  species.  Their  principal  modificationa  are  therefore 
dassified,  minotelj  defioed,  and  embodied  in  a  Bjstem  of  nomen* 
clature  which  is  equally  applicable  to  other  parts  of  the  plant,  and 
which  as  an  instrument  is  indispensable  to  the  systematic  botanist. 
The  numerous  technical  terms  which  have  gradually  accumulated 
from  the  infancy  of  the  science,  and  have  multiplied  with  its  increas- 
ing wants,  are  mostly  quite  arbitrary,  or  have  been  suggested  by 
real  or  fancied  resemblances  of  their  shapes  to  various  natural  or 
other  objects.  This  art>itrary  nomenclature,  which  formerly  severe- 
ly tasked  the  memory  of  the  student,  was  reduced  by  De  CandoUe 
to  a  clear  and  consistent  system,  based  upon  scientific  principles, 
and  of  easy  application.  The  fundamental  idea  of  the  plan  is,  that 
the  almost  infinite  varieties  in  the  form  and  outline  of  leaves  may 
be  deduced  from  the  different  modes  and  degrees  in  which  the 
woody  skeleton  or  framework  of  the  leaf  is  expanded  or  ramified 
in  the  parenchyma.  Upon  this  conception  the  following  sketch  is 
based ;  in  which  all  the  more  important  terms  of  the  nomenclature 
of  leaves  are  mentioned  and  defined.  It  should  be  kept  in  mind, 
however,  that  this  is  not  to  be  taken  as  an  explanation  of  the  actual 
formation  of  leaves ;  but  rather  as  an  account  of  the  mutual  adap- 
tation and  correspondence  of  their  outHnes  and  framework.  For 
the  parenchyma  is  developed,  and  the  form  of  the  leaf  more  or  less 
determined,  before  the  framework  has  an  existence.  The  latter, 
therefore,  cannot  have  given  rise  to  the  outline  or  shape  of  the 
organ.  The  distribution  oi  the  veins  or  fibrous  framework  of  the 
leaf  in  the  blade  is  termed  its 

276.  VeiatioOf  The  veins  are  distributed  throughout  the  lamina 
in  two  principal  modes.  Either  the  vessels  of  the  petiole  divide  at 
once,  where  they  enter  the  blade,  into  several  veins,  wliich  run 
parallel  with  each  other  to  the  apex,  connected  only  by  simple 
transverse  veinlets  (as  in  Fig.  230) ;  or  the  petiole  is  continued 
into  the  blade  in  the  form  of  one  or  more  principal  or  coarser 
veins,  which  send  off  branches  on  both  sides,  the  smaller  branch- 
lets  uniting  with  one  another  {anastomosing)  and  forming  a  kind 
of  network ;  as  in  Fig.  229.  The  former  are  termed  parallel- 
veinedy  or  commonly  nerved  leaves  ;  the  veins  in  this  case  having 
been  called  nerves  by  the  older  botanists,  —  a  name  which  it  b 
found  convenient  to  retain,  although  of  course  they  are  in  no  respect 
analogous  to  the  nerves  of  animals.  The  latter  are  termed  retieu* 
lated  or  netted-veined  leaves. 
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277.  Parallel-Yeined  or  nenred  leaves  are  characteristic  of  En- 
dogenous plants;  while  reticolated  leaves  are  almost  nniyersal  in 


Exogenous  plants.  We  are  thus  furnished  with  a  very  obvious,  al- 
though by  no  means  absolute,  distinction  between  these  two  great 
classes  of  plants,  independently  of  the  structure  of  their  stems  (198). 
278.  In  reticulated  leaves,  the  coarse  primary  veins  (one  or 
more  in  number),  which  proceed  immediately  from  the  apex  of  the 
petiole,  are  called  rt At ;  the  branches  are  termed  veinSy  and  their 
subordinate  ramifications,  veinlets.  Very  frequently,  a  single  strong 
rib  (called  the  midrib)^  forming  a  continuation  of  the  petiole,  runs 
directly  through  the  middle  of  the  blade  to  the  apex  (Fig.  229,  238, 
&c),  and  from  it  the  lateral  veins  all  diverge.  Such  leaves  are 
termed  fecUhev'^etned  or  pinnatdy  veined;  and  are  subject  to  vari- 
ous modifications,  according  to  the  arrangement  of  the  veins  and  vein- 
lets  ;  the  primary  veins  sometimes  passing  straight  from  the  midrib 
to  the  mar^n,  as  in  the  Beech  and  Chestnut  (Fig.  238)  ;  while 
in  other  cases  they  are  divided  into  veinlets  long  before  they  reach 
the  margin.  When  the  midrib  gives  oiTa  very  strong  primary  vein 
or  branch  on  each  side  above  the  base,  the  leaf  is  said  to  be  trtpU^ 
rMedj  or  often  tripH-nerved^  as  in  the  common  Sunflower  (Fig. 

Wm.  t2B.    A  iMf  of  Um  Qvlnee,  of  Um  iwttod.?«iiMd  or  ntknlmfeed  Mrt:  ft,  bl«to: 
p.  poUolo  or  kof-fftalk :  $i,  stlpales. 

no.  290.    Pazmlkl-ToliMd  koCof  Um  Ulj  of  tho  Val^f . 
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241)  ;  if  two  Bach  ribs  proceed  fixun  each  side  of  the  midrib^  it  is 
taid  to  be  qvintupU^hbed^  or  quintufUHurved* 


338  839      tlO  Ml  Mt  MS 

279.  Not  unfrequentlj  the  vessela  of  a  reticukted  leaf  divide  at 
the  apex  of  the  petiole  into  three  or  more  portions  or  ribs  of  nearly 
equal  size,  which  are  usuallj  divergent,  each  giving  off  veins  and 
veinlets,  like  the  single  rib  of  a  feather-veined  leaf.  Such  leaves 
are  termed  rruliated^einedj  or  palmatefy-neined ;  and,  as  to  the 
number  of  the  ribs,  are  called  three-ribbed,  five-ribbed,  seven-ribbed, 
&c  (Fig.  244,  247,  253).  Examples  of  this  form  are  furnished  by 
the  Maple,  the  Gooseberry,  the  Mallow  ikmily,  &c  Occasionally 
the  ribs  of  a  radiated-veined  leaf  converge  and  run  to  the  apex  of  the 
blade,  as  in  Rhexia  and  other  plants  of  the  same  family,  thus  resem- 
bling a  parallel-veined  or  nerved  leaf;  from  which,  however,  it  is 
distinguished  by  the  intermediate  netted  veins.  But  when  the  ribs 
are  not  very  strong,  such  leaves  are  frequently  said  to  be  nerved, 
although  they  branch  before  reaching  the  apex. 

280.  According  to  the  theory  of  De  CandoUe  (275),  the  shape 
which  leaves  assume  may  be  viewed  as  dependent  upon  the  dis- 
tribution of  the  veins,  and  the  quantity  of  parenchyma ;  the  gen» 
eral  outline  being  determined  by  the  division  and  direction  of  the 
veins ;  and  the  form  of  the  margin,  (whether  even  and  continuous, 
or  else  interrupted  by  void  spaces  or  indentations,)  by  the  greater  or 

FIQ.  281-244.    Varioof  fomu  of  ilmple  lettct. 
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abandaiice  of  tlie  parenchyma  in  which  the  reins  are  distrih^ 
uted.     This  view  is  readily  intdligihle  upon  the  supposition  that  a 


leaf  is  an  expansion  of  soft  parenchyma,  in  which  the  firmer  veins 
mre  variously  ramified.  Thus,  if  the  principal  veins  of  a  feather- 
veined  leaf  are  not  greatly  prolonged,  and  are  somewhat  equal  in 
length,  the  hlade  will  have  a  more  or  less  elongated  form.  If  the 
veins  are  very  short  in  proportion  to  the  midrih,  and  equal  in  length| 
the  leaf  will  be  linear  (as  in  Fig.  240) ;  if  longer  in  proportion, 
but  still  equal,  the  leaf  will  assume  an  Mong  form  (Fig.  242), 
irhieh  a  slight  rounding  of  the  sides  converts  into  an  aval  or  ellip^ 
tieal  outline.  If  the  veins  next  the  base  are  longest,  and  especially 
if  they  curve  forward  towards  their  extremities,  the  leaf  assumes  a 
lanceokUe  (Fig.  239),  ovale  (Fig.  241),  or  some  intermediate  form. 
On  the  other  hand,  if  the  veins  are  more  developed  beyond  the  mid« 
die  of  the  bUide,  the  leaf  becomes  cbovate  (Fig.  232),  or  cuneiform 
<Fig.  235).  In  radiated  or  palmately  veined  leaves  (Fig.  245-  253), 
where  the  primary  ribs  are  divergent,  an  orbicular  or  roundish  out- 
line is  most  common.  When  some  of  the  ribs  or  their  ramifications 
are  directed  backwards,  a  recess,  or  einuiy  as  it  is  termed,  is  pro* 
doced  at  the  base  of  the  leaf,  which,  taken  in  connection  with  the 
general  form,  gives  rise  to  such  terms  as  cordate  or  heart-shaped 
^Fig.  244),  reniform  or  kidney^ehaped  (Fig.  245),  dec,  when  the 
po0teri<Hr  portions  are  rounded;  and  those  of  sagittate  or  arroW' 
headed  (Fig.  252),  and  hastate  or  halberd^aped  (Fig.  250),  when 
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the  angles  or  lobes  at  the  base  diverge.  The  margins  of  the  aantf 
are  sometimes  brought  into  contact  and  muted,  when  the  leaf  be? 
comes  peltate  or  thxddrshaped  (Fig.  248) ;  the  blade  being  attadied 
to  the  petiole,  not  bj  its  apparent  base,  bat  by  some  part  of  the 
lower  surface*  Two  or  three  common  species  of  Hydroootjle 
plainly  exhibit  the  transition  from  common  radiated  leaves  into  the 
peltate  form.  Thus,  the  leaf  of  H.  Americana  (Fig.  247)  is  round- 
ish-reniform,  with  an  open  sinus  at  the  base,  while  in  H.  inter- 
rupta  and  H.  umbellata  (Fig.  248),  the  margins  have  grown  to- 
gether so  as  to  obliterate  the  sinus,  and  an  orbicular  peltate  leaf  is 
produced.  In  nerved  leaves,  when  the  n^res  run  parallel  from 
the  base  to  the  apex,  as  in  Grasses  (Fig.  237),  the  leaf  is  necessa- 
nly  linear,  or  nearly  so ;  but  when  they  are  more  divergent  in  the 
middle,  or  tqwards  the  base,  the  leaf  becomes  oblong,  oval,  or  ovate, 
&c  (Fig.  243).  In  one  class  of  neryed  or  parallel-veined  leaves,  the 
simple  veins  or  nerves  arise  from  a  prolongation  of  the  petiole  in  the 
form  of  a  thickened  midrib,  instead  oi  the  base  of  the  blade,  constitute 
ing  the  curvinerved  leaves  of  De  CandoUe.  This  structure  is  almost 
universal  in  the  Ginger  tribe,  the  Arrowroot  tribe,  in  the  Banana,  and 
other  tropical  plants ;  and  our  common  Pontederia,  or  Pi<^erel-weed 
(Fi^  23^),  affords  an  illustration  of  it,  in  which  the  nerves  are 
tmrved  backwards  at  the  base,  so  as  to  produce  a  cordate  outline. 

281.  As  to  the  margin  and  particular  outline  of  leaves,  they  ex- 
hibit every  gradation  between  the  case  where  the  blade  is  evUirej 
that  is,  with  the  margin  perfectly  continuous  and  even  (as  in  Fig: 
243),  and  those  where  it  is  clefl  or  divided  into  separate  portions. 
The  convenient  hypothesis  of  De  CandoUe  connects  these  forms 
with  the  abundance  w  scantiness  of  the  parenchyma,  compared 
with  the  divergence  and  the  extent  of  the  ribs  or  veins ;  on  the 
supposition  that,  where  the  former  is  insufRcient  completely  to  ffl 
up  the  framework,  Uibe»^  incisions,  or  taatkin^M  are  necessarily 
produced,  extending  from  the  margin  towards  the  centre.  Thas, 
in  the  white  and  the  yellow  species  of  Water  Ranunculus,  there 
appears  to  be  barely  sufficient  parenchyma  to  form  a  thin  covering 
for  each  vein  and  its  branches  (Fig.  251,  the  lowest  leaf)  ;  svch 
leaves  are  said  to  be  Jili/omd^  dissected,  that  is,  eui  into  threads^ 
the  nomenclature  in  all  these  cases  being  founded  on  the  conven- 
ient (but  incorrect)  supposition,  that  a  leaf  originally  entire  is  cot 
into  teeth,  lobes,  divisions,  &c.  If,  while  the  framework  remains 
the  same  as  in  the  last  instance,  the  parenchyma  be  more  abun- 
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dantlj  developed^  as  in  fact  Imppens  in  the  upper  leaves  of  the  same 
q^ecies  when  thej  grow  out  of  water,  and  is  shown  in  the  same 
figure,  they  are  merely  cleft  or  lobed.    If  these  lobes  grow  together 
nearly  to  the  ex- 
tremity   of   the 
principal    veins, 
the  leaf  is  only 
tootkedf  serrated^ 
or  crenated;  and 
if  the  small  re- 
maining notches 
were  filled  with 
parenchyma,  the 
leaf  would  he  en- 

tire.     The  study  «  «        »        ssr  ass  ^ 

of  the  development  of  leaves,  however,  proves  that  the  parenchyma 
grows  and  shapes  the  outlines  of  the  organ  in  its  own  way,  irrespec- 
tive of  the  framework,  which  is,  in  fact,  adapted  to  the  parenchyma 
rather  than  the  parenchyma  to  it.  The  principal  terms  which  designate 
the  mode  and  degree  of  division  in  simple  leaves  may  now  he  hriefly 
explained,  without  further  reference  to  this  or  any  other  theory. 

282.  A  leaf  is  said  to  he  serrate^  when  the  margin  is  heset  with 
sharp  teeth  which  point  forwards  towards  the  apex  (Fig.  254)  ; 
tkniatey  or  toothed^  when  the  sharp  salient  teeth  are  not  directed 
towards  the  apex  of  the  leaf  (Fig.  255) ;  and  crenate,  when  the 
teeth  are  rounded  (Fig.  248,  256).  A  slightly  waved  or  sinuous 
margin  is  said  to  he  repand  (Fig.  257)  ;  a  more  strongly  uneven 
margin,  with  alternate  rounded  concavities  and  convexities,  is  termed 
MuaU  (Fig.  258).  When  the  leaf  is  irregularly  and  sharply  cut 
deep  into  the  blade,  it  is  said  to  be  incised  (Fig.  259) ;  when  the 
portions  (or  segments)  are  more  definite,  it  is  said  to  be  lohed  (Fig. 
260,  264) ;  and  the  terms  iu>o4obedj  three-lobed  (Fig.  2^4),Jlve4obed, 
^bc,  express  the  number  of  the  segments.  If  the  incisions  extend  about 
to  the  middle  of  the  blade,  or  somewhat  deeper,  and  especially  if  the 
sinuses  are  acute,  the  leaf  is  said  to  be  dejt  (Fig.  261,  265)  ;  and 
the  terms  twthclefy  ihrte-eleft  (Fig.  265),  &c  (or  in  the  Latin  form, 
li/W,  trijidy  &c)^  designate  the  number  of  the  segments :  or  when 
the  latter  are  numerous  or  indefinite,  the  leaf  is  termed  many^eft^ 
or  muUifd.    If  the  segments  extend  nearly,  but  not  quite,  to  the^ 
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base  of  the  blade  or  the  midrib,  the  leaf  is  said  to  be  parted  (Fyf^ 
262,   266)  :  if  thej  reach  the  midrib  or  the  base,  so  as  to  interrupt 


the  parenchyma,  the  leaf  is  said  to  be  divided  (Fig.  263,  267)  ;  the 
number  oi  partitions  or  divuions  being  designated,  as  before,  bj  the 
terms  two-,  three^  Jive^partedj  or  iwo^  three-y  fivt'^videdj  &c 

283.  As  the  mode  of  division  always  coincides  with  the  arrange* 
ment  of  the  primary  veins,  the  lobes  or  incisions  of  feather-veined, 
are  differently  arranged  from  those  of  radiated  or  palmately  veined 
leaves :  in  the  latter,  the  principal  incisions  are  all  directed  to  the 
base  of  the  leaf;  in  the  former,  towards  the  midrib.  These  modi- 
fications are  accurately  described  by  terms  indicative  oi  the  vena- 
tion, combined  with  those  that  express  the  degree  of  divisioiu 
Thus,  a  feather-viened  (in  the  Latin  form,  a  pinnatdy  veined)  leaf 
is  said  to  be  pinnately  cleft  or  pinnatifid  (Fig.  261),  when  the 
sinuses  reach  half-way  to  the  midrib;  pinnately  parted^  when  they 
extend  almost  to  the  midrib  (Fig.  262)  ;  and  pinnately  divided, 
when  they  reach  the  midrib,  dividing  the  parenchyma  into  separate 
portions  (Fig.  263).  A  few  subordinate  modifications  are  in- 
dicated by  special  terms:  thus,  a  pinnatifid  or  pinnately  parted 
leaf,  with  regular,  very  close  and  narrow  divisions,  like  the  teeth  <^ 
a  comb,  is  said  to  be  pectinate  ;  a  feather-veined  lea^  more  or  less 
pinnatifid,  but  with  the  lobes  decreasing  in  size  towards  Uie  base,  ia 
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ienned  lyrale^  or  fyre-shnped  (Fig.  278)  ;  and  a  Ijrate  leaf  with 
riuurp  lobes  pointing  towardB  the  base,  as  in  the  Dandelion  (Fig. 
379),  is  called  runcinate*  A  palmately  veined  leaf  is  in  like  man- 
ner said  to  hepalnuUely  lobed  (Fig.  264),  palmatefy  cleft  (Fig.  265), 
palmately  parted  (Fig.  266),  or  palmaiely  divided  (Fig.  267),  ac- 
oording  to  the  degree  of  division.  The  term  pcdmaU  was  originally 
employed  to  designate  a  leaf  more  or  less  deeply  cut  into  about  five 
spreading  lobes,  bearing  some  resemblance  to  a  hand  with  the  fingers 
spreading ;  and  it  is  still  used  to  designate  a  palmately  lobed  leaf, 
without  reference  to  the  depth  of  the  sinuses.  A  palmate  leaf  with 
the  lateral  lobes  defl  into  two  or  more  segments  is  said  to  be  pedate 
(Fig.  249),  from  a  fancied  resemblance  to  a  bird's  foot.  By  desig- 
nating the  number  of  the  lobes  in  connection  with  the  terms  which 
indicate  their  extent  and  their  disposition,  botamsts  are  enabled  to 
describe  all  these  modifications  with  great  brevity  and  precision. 
Thns,  Apalmatefy  three-pttrted  leaf  is  one  of  the  radiatedrveined  Idnd, 
which  is  divided  almost  to  the  base  into  three  segments  (Fig.  266)  ; 
a  pttmatefy  Jive-parted  leaf  is  one  of  the  feather-veined  kind  ent  into 
five  lobes  (two  on  each  side,  and  one  terminal),  with  the  sinuses  ex- 
tending almost  to  the  midrib :  and  the  samd  plan  is  followed  in  de- 
scribing cleft,  lobed,  or  divided  leaves. 

284.  The  segments  of  a  lobed  or  divided  leaf  may  be  again  di- 
vided, lobed,  or  clef),  in  the  same  way  as  the  original  blade,  and  the 
same  terms  are  employed  in  describing  them.  Sometimes  both  the 
primary,  secondary,  and  even  Jertiary  divisions  are  defined  by  a 
single  word  or  phrase;  as  biptrmattfid  (Fig.  280),  tripinncaifid, 
hipinnatehf  parted,  tripinncUely  parted,  twice  palmately  parted,  dbc 

285.  Parallel-veined  or  nerved  leaves  would  naturally  be  ex- 
pected to  present  entire  margins,  and  this  they  almost  universally 
do  when  the  nerves  are  convergent  (Fig.  280,  243).  Such  leaves 
are  often  lobed  or  cleft  when  the  principal  nerves  diverge  greatly, 
as  in  the  Dragon  Arum ;  but  the  lobes  themselves  are  entire. 


286.  There  are  a  few  terms  employed  in  describing  the  apex  of 
lea^  which  may  be  here  enumerated.    When  a  leaf  tapers  to  a 
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narrowed  or  slender  apex,  it  is  said  to  be  acuminate  (Fig. 
when  it  terminates  in  an  acute  angle,  it  is  said  to  be  acute  (Fig. 
269)  :  when  the  apex  is  an  obtuse  angle,  or  roundedt  it  is  termed 
obtiue  (Fig.  270)  :  an  obtuse  leaf,  with  the  apex  slightly  indented  or 
depressed  in  the  middle,  is  said  to  be  retute  (Fig.  272),  or,  if  more 
strongly  notched,  emargincUe  (Fig.  273) :  an  obovate  leaf  with  a 
wider  and  more  conspicuous  notch  at  the  apex  is  termed  obcordate 
(Fig.  274),  being  a  cordate  or  heart-shaped  leaf  inverted.  When 
the  apex  is,  as  it  were,  cut  off  by  a  straight  transverse  line,  the  leaf 
is  said  to  be  truncate  (Fig.  271)  :  when  abruptly  terminated  by  a 
small  and  slender  projecting  point,  it  is  mucronaie  (Fig.  276) :  when 
tipped  with  a  stronger  and  rigid  projecting  point,  or  ctwp,  it  is  cuqfi- 
date  (Fig.  275). 

287.  All  these  terms  are  equally  applicable  to  expanded  sur- 
faces of  every  kind,  such  as  petals,  sepals,  &c. :  and  those  terms 
which  are  used  to  describe  the  modifications  of  solid  bodies,  such  as 
stems  and  stalks,  are  equally  applicable  to  leaves  when  these  affect 
similar  shapes,  as  they  sometimes  do. 

288.  The  whole  account,  thus  far,  relates  to  Sihple  Leaves, 
namely,  to  those  which  have  a  blade  of  one  piece,  however  defl  or 
lobed,  or,  if  divided,  where  the  separate  portions  are  neither  raised  on 
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stalklets  of  their  own,  nor  articulated  (by  a  joint)  with  the  main 
pedole,  so  that  the  pieces  are  at  length  detached  and  fiill  separatelj. 
The  distinction,  however,  cannot  be  very  strictly  maintained ;  there 
are  so  many  transitions  between  simple  and 

fSd.  Compound  leaves.  These  have  the  bkde  divided  into  entire- 
ly separate  pieces ;  or,  rather,  they  consist  of  *a  number  of  blades, 
borne  on  a  common  petiole,  usually  supported  on  stalklets  of  their 
own,  between  which  and  the  main  petiole  an  articulation  or  joint  is 
formed,  more  or  less  distinctly.  These  separate  blades  are  called 
Leaflets  :  they  present  all  the  diversities  of  form,  outiine,  or 
division  which  simple  leaves  exhibit ;  and  the  same  terms  are  em- 
ployed in  eharacterizing  them.  Having  the  same  nature  and  origin 
as  the  lobes  or  segments  of  simple  leaves,  they  are  arranged  in  the 
same  ways  on  the  common  petiole.  Compound  leaves  accordingly 
occur  under  two  general  forms,  the  pinnate  and  the  palmate  (other- 
wise called  digitatey 

290.  The  pinnate  form  is  produced  when  a  leaf  of  the  pinnately 
veined  sort  becomes  compound ;  that  is,  the  leaflets  are  situated 
along  the  sides  of  the  eonmion  petiole.  There  are  several  modifica- 
tions of  the  pinnate  leaf.  It  is  ahruptly  pinnate,  when  the  leaflets 
lure  even  in  number,  and  none  is  borne  on  the  very  apex  oi  the 
petiole  or  its  branches,  as  in  Cassia  (Fig.  290),  and  also  in  tiie 
Vetdi  tribe,  where,  however,  the  apex  of  the  petiole  is  generally 


prolonged  into  a  tendril  (Fig.  287,  289).    It  is  impari-pinnate,  or 
pinnate  with  an  odd  leaflet,  when  the  petiole  is  terminated  ^dth  a 
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lenflet  (Fig.  281,  288).  There  are  wme  gnbordmate  modificatibns ; 
snch  as  lyraUfy  pirmaie,  when  the  blade  of  a  lyrate  leaf  (Fig.  278) 
ia  completely  divided,  as  in  Fig.  285 ;  and  inttrrupiedly  pinnate, 
when  some  minute  leafleto  are  iiregolarly  intermixed  with  larger 
ones,  as  is  also  shown  to  some  extent  in  the  figure  last  dted.  The 
number  of  leaflets  varies  from  a  great  number  to  very  few.  When 
reduced  to  a  small  number,  such  a  leaf  is  said  io  he  pitmaiefy  teven-j 
or  Jwe-y  OT  /^t/o/t ofote,  as  the  case  may  be.  A  lAmate  leaf  of  three 
or  five  leaflets  is  often  called  iemate  or  qmnate  ;  which  terms,  bow- 
ever,  are  equally  applied  to  a  pahnatcly  compound  leafj  and  also, 
and  m<M«  ajqxropriately,  to  the  case  of  three  or  6:ve  simple  feaves 
growing  on  the  same  node.  A  jdtmatdy  trifoHoUde  leaf  (Fig.  286) 
is  readily  distinguished  by  having  the  two  lateral  leaflets  attadied 
to  the  petiole  at  some  dbtance  below  its  apex,  and  by  the  joint 
which  is  observable  at  some  point  between  their  inserdon  and  the 
lamina  of  the  terminal  leaflet  Such  a  leaf  may  even  be  reduced 
to  a  single  leaflet ;  as  m  the  Orange  (Fig.  283)  and  the  primordial 
leaves  of  the  common  Barberry.  This  ia  distinguished  from  a 
really  simple  leaf  by  the  jomt  at  the  junction  of  the  partial  with  the 
general  petide. 

291.  The  pabnate  or  dilate  foiin  is  produced  when  a  leaf  of  the 
palmately  veined  sort  becomes  compound ;  in  which  case  the  leaflets 
are  necessarily  all  attached  to  the  apex  of  the  common  petiole,  as  in 
the  HOTsechestnut  and  Buckeye  (Fig.  277),  and  the  common  Clover 
(Fig.  804).  ^uch  leaves  of  thr^,  five,  or  any  definite  number  of 
leaflets,  are  termed  pahnatelif  (or  digitately)  trifdichiejjive-foliolatey 
Ac.  A  leaf  of  two  leaflets,  which  rarely  occurs,  is  untjngaie  (one- 
paired)  or  hinate.  By  this  nomenclature,  the  distinction  between 
pinnately  and  palmately  compound  leaves  is  readily  kept  up,  and 
every  important  character  of  a  leaf  is  expressed  with  brevity  and 
accuracy. 

292.  The  stalk  of  a  leaflet  is  called  a  partial  petiole  (petiohde)  ; 
and  the  leaflet  thus  supported  is  pettolulate.  The  partial  petioles 
may  bear  a  set  of  leaflets,  instead  of  a  single  one,  when  the  leaf 
becomes  douhly  or  twice  compound.  Thus  a  pinnate  leaf  again  com- 
pounded in  the  same  way  becomes  Upinnate  (Fig.  282),  or  if  still 
a  third  time  divided  it  is  tripinnate,  &c  In  these  cases  the  main 
divisions  or  branches  of  the  common  petiole  are  called  pinna,  or  the 
pairs >^.  So  a  trifoliolate  leaf  twice  compound  becwnes  Intemate 
(Fig.  284)  ;  or  thrice,  tritemaUy  &c.    When  the  primary  division 


Digitized  by 


Google 


VEBTICAL  AND  PERFOLIATE  LEAVES.  165 

is  digitate,  the  secondary  division  is  often  pinnate,  tlms  eombining 
the  two  modes  in  the  same  leaf.  A  leaf  irregularly  or  indeter- 
minately several  times  compounded,  in  whatever  mode,  is  said  to  be 
decompound, 

293.  LeaTtI  0f  PeeDliar  ConfemiatiOD.  The  blade  of  a  leaf  is  almost 
always  symmetrical,  that  is,  the  portions  on  each  sfde  of  the  midrib 
or  axis  are  similar ;  but  occasionally  one  side  is  more  developed  than 
the  other,  when  the  leaf  is  obUque^  as  is  strikingly  the  case  in  the 
species  of  Begonia  (Fig.  246)  of  oar  conservatories. 

294.  YerticalandEqaitaDtLeam.  Thebhideisalso 

coomionly  horizontal,  presenting 
sky,  and  the  other  to  the  earth ; 
two  surfaces  difier  in  structure  i 
appearance,  each  being  fitted  f 
fices:  if  artificially  reversed,  i 
resume  their  natural  position, 
prevented  from  doing  so.     But 
ccU  leaves,  the  two  surfaces  ar 
to  the  light,  and  are  similar  in 
pearance.     In  such  erect  and 
those  of  Iris  (Fig.  291),  it  is  re 
face  that  is  presented  to  the  a 
folded    together    lengthwise 
(condupltcate)y  and  consoli- 
dated while  in  the  nascent 
state,  so  that  the  true  upper 
surface  is  concealed  in  the 
interior,    except     near    the 
base,  where  they  alternately 
cover  over  each  other  in  the 
equitant  manner  (258,  Fig. 

292).    True  vertical  leaves,  »» 

which  present  their  edges  instead  of  their  surfaces  to  the  earth  and 
sky,  generally  assume  this  position  by  a  twisting  of  the  base  or 
the  petiole  ;  as  is  strikingly  seen  in  the  Callistemon  and  many  other 
Australian  trees  of  the  Myrtle  family,  some  of  which  are  now  com- 
mon in  green-houses. 

295.  PerbUate  LeaTCS.     While   in   Iris  the   two   halves   of  the 

FTO.  291.    Eqaltant  creet  Imtw  of  Ms,  with  the  rooCatoelc. 

VIG.  892.    A  swtloo  tmrom  Umm  kavM  at  Um  bne,  abowlqg  tbair  tqmiUmt  ctoneteB. 
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uppersnrfaceof  a  folded  leaf  cohere,  those  of  some  other  plants  ex- 
hibit a  cohesion  by  their  contigaoos  edges,  and  give  rise  to  a  differ- 
ent anomaly.  This  is  illustrated  by  peltate 
leaves  (Fig.  248),  and  more  strikingly  by 
what  are  termed  perfoUaie  leaves.  These  in 
some  cases  originate  from  the  union  of  the 
bases  of  a  pair  of  opposite  sessile  leaves  (con- 
nai&f>erfoHate)f  as  in  Silphium  perfoliatun, 
Triosteum  perfo- 
liatum,  and  the 
upper  pairs  of 
true  Honeysuckle 
(Fig-  294).  In 
others  they  eon^ 
sist  of  a  single 
ng  clasping  leai^  the 

posterior  lobes  of 
which  encompass  the  stem  and  cohere 
on  the  opposite  side,  as  is  seen  in  Bu- 
pleurum  rotundifolium,  Uvularia  perfo- 
liata,  and  Baptisia  perfoliata  (Fig.  293). 

296.  leaTM  with  no  dittindion  of  Blade 
and  Mole.  The  leaves  of  the  Iris,  as 
well  as  those  of  the  Dafibdil,  the  Onion, 
and  of  many  other  Endogens,  show  no 
distinction  of  blade  and  petiole.  In  some  the  leaf  of  this  sort  may 
be  regarded  as  a  sessile  blade ;  in  others,  rather  as  a  petiole  per- 
forming the  functions  of  a  blade.  Leaves  are  not  always  expanded 
bodies.  Sometimes  they  are  JUiform  or  threadshapedj  as  those  of 
Asparagus :  some  are  aetcukar,  aeerose,  or  needleshapedy  as  in  Pines 
and  Larches  (Fig.  212,  213)  ;  others  are  suhUate  or  awl-shaped^  as 
in  Juniper,  &c  The  Bed  Cedar  and  Arbor  Yitae  (Fig.  295)  exhibit 
both  awl-shaped  and  scaU-skaped  leaves  on  different  branchlets. 

297.  SoeealeRt  or  Fleshy  leHTes,  like  those  of  Stonecrop,  House- 
leek,  Mesembryanthemnm  or  Ice-Plant,  and  the  Agave  or  Century- 
Plant,  usually  assume  shapes  more  or  less  unlike  ordinary  foliage. 
Some  of  them  are  terete,  like  stems,  or  at  least  have  no  distinct 
upper  and  lower  surface.    These  greatly  thickened  leaves  serve  a 

no.  286.    PwfoUato  (idnfle)  kavM  of  BapHaU  porfblkta. 

no.  2M.    Conaato.p«rfbUate  Imtm  €f  r  wild  Hoo^suokte  (Lonlocn  flaTa). 
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double  purpose,  i)eing  not  only  organs  for  assimilation,  —  the  general 
office  offoliage,  —  but  also  repositories  in  which 
assimilated  matter  is  stored  up,  just  as  in  the  root 
of  the  Beet  and  Radish  (Fig.  138),  or  in  subter- 
ranean stems  or  branches  in  rootstocks,  tubers, 
and  corms  <  18ft~  190, 194).  The  bases  of  those 
leaTes  which  fcNrm  the  scales  of  bulbs  (191)  are 
turned  to  the  same  use.  In  Fig.  176  we  have  a 
leaf  the  blade  of  which  acts  as  foliage  in  the  ordi- 
nary manner  of  leaves,  while  its  subterranean 
thickened  base  serves  as  a  repository  of  nutri- 
ment which  the  blade  has  elaborated.  The  veiy 
first  leaves  of  the  plant,  viz.  the  cotyledons  or 
seed-leaves  (120— 123)  are  commonly  subservi- 
ent to  this  purpose,  and  some- 
times to  no  other,  as  in  the 
Pea^  Horsediestnut,Oak,  &e. 
(124),  where  these  leaves  are  mere  repositories 
of  food  for  the  use  of  the  germinating  plant 

298.  letTCI  U  Bod-seales,  kU  (l  61)  exhibit  the 
same  organ  under  a  different  modification,  and 
subserving  a  difierent  special  purpose.  Of  the 
same  nature  are  the  degenerated  or  abortive 
scale-like  leaves  on  the  vernal  stems  of  peren- 
nial herira  near  or  beneath  the  surfiice  of  the 
ground,  and  on  Asparagus  shoots,  and  also  those 
scales  which  colored  parasitic  plants  produce  in 
place  of  foliage  (152).  The  primary  leaves  of 
Pines  are  all  thin  and  diy  budfscales ;  the  actual 
foliage  originating  from  a  branch  in  the  axil  of 
each  (Fig.  212). 

299.  leaTCI  U  Teidrill  are  seen  in  the  proper 
Pea  tribe ;  where  however  only  the  extremity 
of  the  common  petiole  is  transformed  in  this 

9§  manner  (Fig.  287,   289);  but  in  one  plant 

of  the  kind  (Lathyrus  Aphaca)  the  whole  leaf  becomes  a  tendril. 
300.  letTCS  ai  Spinet- occur  in  several  plants.    The  primary  leaves 

710.  S96.    A  twic  of  Amaifeaa  Afbor  Vlte,  •zhlbltlnff  both  mwl-thapod  and  Malt-shaiwd 

no.  SM.    AfiminwrtlMwtof  Um  Btrberr^,  showlof  mknrerltaf  InUMnonoalstalo;  Um- 
Mst  pwttftllj,  thow  atiU  Ugher  oompltfttly,  Inmiformod  into  ipintt. 
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of  the  shoots  of  the  common  Barberry  offer  a  familiar  iiustance  i>f 
the  kind  (Fig.  296).  The  most  extraordinary  modification  of  the 
leaf  occurs  in  the 

301.  Fly-tnpi  of  Dionsea  mnscipula,  the  Venns's  Fly«trap  of  North 

Carolina  (which  is  found  only 
in  the  vicinity  of  Wilming- 
ton, where  it  abounds  in 
wet  and  sandy  bogs).    Each 


leaf  of  this  most  curious  plant  bears  at  its  summit  an  append- 
age (answering,  perhaps,  to  the  proper  blade),  which  opens  and 
shuts :  fringed  with  strong  bristles  or  slender  teeth  on  ita  margin, 
it  bears  some  resemblance  to  a  steekrap,  and  operates  much  like 
one.  For  when  open,  as  it  commonly  is  when  the  sun  shines, 
no  sooner  does  a  ily  alight  on  its  surface,  and  brush  against  any 
one  of  the  several  long  bristles  that  grow  there,  than  the  trap 
suddenly  closes,  often  capturing  the  intruder,  pressing  it  all  the 
harder  for  its  struggles,  and  commonly  depriving  it  of  life.  AAer 
all  movement  has  ceased  within,  the  trap  slowly  opens,  and  is  ready 
for  another  capture.  Why  this  plant  catches  insects,  we  are  unable 
to  say ;  and  as  to  the  mechanism  of  the  movement  it  is  no  more  and 
no  less  explicable  than  the  much  slower  movements  of  ordinary 
leaves  in  changing  their  position. 

no.  297.    A  pluit  of  DfcmM  mafolimlA,  redoMd  la  abt.    286.  ThiM  of  tbt  laavH,  cC 
BMrljr  ttM  luktuial  sin  i  ont  of  them  open,  tha  ottaen  dooed. 
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d03.  Aieidil  or  Fitehen,  or  tubes  open  at  the  summit,  represent 
another  remariuible  form  of  leaves.  These  occur  in  several  plants 
of  widely  different  families.  If  we  conceive  the  margins  of  the 
dilated  part  of  the  leaf  of  Dionsa  to  curve  inwards  until  they  meet, 
and  cohere  with  each  other,  there  would  result  a  leaf  in  form  not 
unlike  that  of  Sarracenia  purpurea,  the  common  Pitcher-plant  or 
Sidesaddle  Flower  of  the  Northern  United  States  (Fig.  300).     So 


the  tube  or  pitcher  has  been  supposed  to  answer  to  the  petiole,  and 
the  hood  at  the  summit  to  the  blade.  And  this  view  is  strengthened 
by  a  Pitcher-plant  of  the  same  family  (Heliamphora,  Fig.  299), 
discovered  by  Mr.  Schomburgk  in  the  mountains  of  British  Guiana, 
in  which  the  pitcher  is  not  always  completed  quite  to  the.  summit, 
and  the  hood  is  represented  by  a  small  concave  terminal  appendage. 
In  the  curious  Nepenthes  (Fig.  301),  the  petiole  is  first  dilated  into 
a  kind  of  lamina,  then  contracted  into  a  tendril,  and  finally  dilated 
into  a  pitcher,  containing  fluid  secreted  by  the  plant  itself;  the  orifice 
being  accurately  closed  by  a  lid,  which  from  analogy  was  supposed  to 
represent  the  real  blade  of  the  leaf.  The  study  of  the  development, 
however  (recently  made  by  Dr.  Hooker),  does  not  confirm  this 
hypothesis.  The  whole  pitcher  of  Nepenthes  is  only  an  anom- 
alous appendage  of  the  tendril-like  prolongation  of  the  midrib  of  the 
real  blade  of  the  leaf.  A  new  Pitcher-plant  of  the  Sarracenia  family 
(the  Darlingtonia),  discovered  by  Mr.  Brackenridge  in  California, 

no.  299.    PIteben  of  H«lliunphotm ;  SOO,  of  Sameenia  parpana ;  801,  of  NepenUMt. 
am.  A  phjUodinm  of  m  New  HoUmmI  AeKku    803.  Tba  nms,  boaiing  m  iwlaotd  oompoonA 
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has  recently  been  made  known  by  Dr.  Torrey.  In  this  the  enlai^ 
summit  of  the  tube  is  strongly  arched  like  a  hood  (as  in  Sarraoenia 
psittacina  of  the  Southern  States),  and  is  abruptly  terminated  by  a 
singular  two-lobed  foiiaceous  appendage,  resembling  the  forked  tail 
o£  A  fish. 

803.  The  Petiole,  or  Leafitslk,  is  usually  ekher  round,  or  half-cylia- 
drical  and  channelled  on  the  upper  side.  But  in  the  Aspen,  it  ii 
strongly  flattened  at  right  angles  with  the  blade,  so  that  the  slightest 
breath  of  air  puts  the  leaves  in  motion.  It  is  not  unfrequently  fu^ 
nished  with  a  leaf-like  border,  or  ring ;  whidi,  in  the  Sweet  Pea  U 
the  gardens,  extends  downward  along  the  stem,  on  which  the  leaves 
are  then  said  to  be  decurrent ;  or  the  stalk  or  stem  thus  bordered 
is  said  to  be  aiate  or  winged.  In  many  Umbelliferous  plants,  the 
petiole  is  dilated  below  into  a  broad  and  membranaceous  inflated 
sheath;  and  in  a  great  number  of  Endogenous  plants  the  petiole 
consists  of  a  sheath,  embracing  the  stem,  which  in  Grasses  is  fur- 
nished  at  the  summit  with  a  membranous  appendage,  in  some  sort 
equivalent  to  the  stipules,  called  the  liffule  (Fig.  237).  The  woody 
and  vascular  tissue  runs  lengthwise  through  the  petiole,  in  the  form 
usually  of  a  definite  number  of  parallel  threads,  to  be  ramified  in  the 
blade.  The  ends  of  these  threads  are  apparent  on  the  base  oi  the 
leafstalk  when  it  falls  off,  and  on  the  scar  left  on  the  stem,  as  so 
many  round  dots  (Fig.  153,  b),  of  a  uniform  number  and  arrange- 
ment in  each  species. 

304.  PhfUodla  (Fig.  302,  303).  Occasionally  the  whole  petiole 
dilates  into  a  kind  of  blade,  traversed  by  ribs,  mostly  of  the  paralkl- 
veined  kind.  In  these  cases  the  proper  blade  of  the  leaf  commonlj 
diss^pears ;  this  substitute,  called  a  PhyUodium  (meaning  a  leaf-like 
body ),  taking  its  place.  These  phyllodia  constitute  the  whole  foliage 
of  the  numerous  Australian  Acacias.  Here  they  are  at  once  dis- 
tinguished from  leaves  with  a  true  blade  by  being  entire  and  parallel- 
veined  ;  while  their  proper  leaves  (of  which  the  earlier  ones  uni- 
formly appear  in  germination,  and  also  later  ones  in  casual  instances) 
are  compound  and  netted-veined.  They  are  also  to  be  recognized  hj 
their  uniformly  vertical  position,  presenting  their  margins  instead  of 
their  surfaces  to  the  earth  and  sky ;  and  they  sometimes  bear  a  true 
compound  lamina  at  the  apex,  as  in  Fig.  303. 

305.  Stipules  (259,  Fig.  229)  are  lateral  appendages  of  leaves, 
usually  appearing  as  small  foiiaceous  bodies,  one  on  each  side  of  the 
base  of  the  petiole.     They  are  not  found  at  all  in  a  great  number  of 
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plants ;  bat  their  presence  or  absence  is  usually  uniform  throughout 
ft  natural  order.     Stipules  assume  a  great  variety  iji  forms  analogous 
to  those  of  the  blade.    Like  it  they  are  sometimes  membranaceous 
or  scak-like,  and  sometimes  transformed  into  spines,  as  in  the  Locust- 
tree,  &C.      They   are   sometimes   present   on   developing   shoots 
only;  as  in  the  Beech,  the  Fig,  and  the  Magnolia  (Fig.  155,  156), 
where  they  form  the  covering  of  the  buds,  but  fall  away  as  the 
leaves  expand.    They  have  a  strong 
tendency  to  cohere  with  each  other,  or 
with  Uie  base  of  the  petiole.     Thus,  ia 
the  Clover  (Fig.  304),  the  Strawberry, 
and  the  Rose  (Fig.  281),  a  stipule  ad- 
heres to  each  side  of  the  base  of  the 
petiole ;  in  the  Plane^ree,  the  two  are 
free  from  the  petiole,  but  cohere  by 
their  outer  margins,  so  as  to  form  an 
ftpparently  sin^e  stipule  opposite  the 
leaf.    In  other  cases,  both  margins  are 
united,  formmg  a  sheath  around  the 
stem,  just  above  the  leaf:  these  are 
called  ifUrafoHaeeoui    stipules;    and 
when  membranaceous,  as  in  Polygo- 
mim  (Fig.  305),  they  have  been  termed 
oehrect.    When  opposite  leaves  have 
stipules,  they  usually  occupy  the  space 
between  the  petioles  on  each  side,  and 
are  termed  interpetiolar.    The  stipules 
of  each  leaf  (one  on  each  side),  being 

thus  placed  in  contact,  frequently  unite  m  ioi 

80  as  to  form  apparently  but  a  single  pair  of  stipules  for  each  pair 
of  leaves  ;  instances  of  which  are  very  conmion  in  the  order 
Rubiaceae. 

306.  Leaves  furnished  with  stipules  are  said  to  be  stipulate :  when 
destitute  of  them,  exstiptdate.  The  leaflets  of  compound  leaves  are 
sometimes  provided  with  small  stipules  (termed  sHpeUes)  of  their 
own,  as  in  the  Bean  (Fig.  286)  ;  when  they  are  said  to  be  stipeOate. 

no.  aOi.  A  leaf  of  Had  Clorer,  with  lU  three  leaflets  at  th«  tommit  of  the  leafstalk,  to 
vhieh  at  the  base  tho  tdpalee  («)  are  adherent,  one  on  each  side. 

no.  a06.  Part  ct  aleef  of  Pol/gimam  ogjeatato^  with  iu  stipules  onitwl  into  a  sheath 
(mAtm)  sad  suRooiMliBC  the  steak. 
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Sect.  IIL     The  Duration  of  Leatss,  and  thb  Genkbai. 
Action  of  Folia«e. 

807.  Leaves  last  only  for  a  limited  period,  and  are  thrown  oiS^ 
or  else  perish  and  decaj  on  the  stem,  after  having  fulfilled  their 
office  for  a  certain  time. 

308.  Dontioi  of  letm.  In  view  of  their  darationy  leaves  are 
called  fugaeioui^  when  they  fall  off  soon  after  their  appearance ; 
deeiduou$^  when  they  last  only  for  a  single  season ;  and  persist- 
ent^ when  they  remain  through  the  cold  season,  or  other  interval 
during  which  vegetation  is  interrupted,  and  until  after  the  appear- 
ance of  new  leaves,  so  that  the  stem  is  never  leafless ;  as  in  Ever- 
^fteenSm 

309.  Leaves  last  only  for  a  single  year  in  many  Evergreens,  as 
well  as  in  deciduous-leaved  plants ;  the  old  leaves  falling  soon  after 
those  of  the  ensuing  season  are  expanded,  or,  if  they  remain  longer, 
ceasing  to  bear  any  active  part  in  the  economy  of  the  vegetaUe, 
and  soon  losing  their  vitality  altogeUier.  Jn  Pines  and  Firs,  how- 
ever, although  there  is  an  annual  foil  of  leaves  either  in  autumn  or 
spring,  yet  these  were  the  produce  of  some  season  earlier  than  the 
last ;  and  the  branches  are  continually  clothed  with  the  foliage  ci 
from  two  to  five,  or  even  eight  or  ten,  successive  years.  On  the 
other  hand,  it  is  seldom  that  all  the  leaves  of  an  herb  endure 
through  the  whole  growing  season,  the  earlier  foliage  near  the  base 
of  the  stem  perishing  while  fresh  leaves  are  still  appearing  above. 
Li  our  deciduous  trees  and  shrubs,  however,  the  leaves  of  the 
season  are  mostly  developed  within  a  short  period,  and  they  all 
perish  nearly  at  the  same  time.  They  are  not  destroyed  by  frost, 
as  is  commonly  supposed;  for  they  begin  to  languish,  and  often 
assume  their  autumnal  tints  (as  happens  with  the  Red  Maple 
especially),  or  even  fall,  before  the  earlier  fix>sts ;  and  when  vernal 
vegetation  is  destroyed  by  frost,  the  leaves  blacken  and  wither,  but 
do  not  fall  off  entire,  as  they  do  in  autumn*  Some  leaves  are  cast 
off,  indeed,  while  their  tissues  have  by  no  means  lost  their  vital- 
ity. Death  is  often  rather  a  consequence  than  the  cause  of  the 
foil  Others  die  and  decay  on  the  stem  without  falling,  as  in 
Palms  and  most  Endogens.  In  some  cases  many  of  the  dead 
leaves  hang  on  the  branches  through  the  winter,  as  in  the  Beech, 
falling  only  when  the  new  buds  expand,  the  following  spring.    We 
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nmst  therefore  distingaish  between  the  death  and  the  fall  of  the 
lea£ 

310.  Till  Fall  of  die  leaf  is  owing  to  an  organic  separation,  through 
an  articulationy  or  joint,  which  ibrms  between  the  base  of  the 
petiole  and  the  surface  of  the  stem  on  which  it  rests.  The  forma- 
tion of  the  ardculation  is  a  vital  process,  a  kind  of  disintegration  of 
a  transverse  layer  of  cells,  which  cuts  off  the  petiole  by  a  regular 
Ime,  in  a  perfectly  uniform  manner  in  eadi  species,  leaving  a  clean 
scar  at  the  insertion  (Fig.  153,  155).  The  solution  <^  continuity 
begins  in  the  epidermis,  where  a  faint  line  maiics  the  position  of  the 
future  joint  while  the  leaf  is  still  young  and  vigorous :  later,  the 
line  of  demarcation  becomes  well  marked,  internally  as  well  as  ex- 
ternally ;  the  disintegrating  process  advances  from  without  inwards, 
until  it  reaches  the  woody  bundles ;  and  the  side  next  the  stem, 
which  is  to  form  the  surface  of  the  scar,  has  a  layer  of  cells  con- 
densed into  what  appears  like  a  prolongation  of  the  epidermis,  so 
that,  when  the  leaf  separates,  ^  the  tree  does  not  suffer  fix)m  the 
effects  of  an  open  wound."  **  The  provision  for  the  separaUon  being 
once  complete,  it  requires  little  to  effect  it ;  a  desiccation  of  one  side 
of  the  leafstalk,  by  causing  an  effort  of  torsion,  will  readily  break 
through  the  small  remains  of  the  fibro*vascular  bundles ;  or  the  in- 
creased sixe  of  the  coming  leaf-bud  will  snap  them ;  or,  if  these 
canses  are  not  in  operation,  a  gust  of  wind,  a  heavy  shower,  or  even 
the  simple  weight  of  the  lamina,  will  be  enough  to  disrupt  the  small 
connections  and  send  the  suicidal  member  to  its  grave.  Such  is  the 
history  of  the  fall  of  the  leaf.  We  have  found  that  it  is  not  an  ac- 
ddental  occurrence,  arising  simply  from  the  vicissitudes  of,  tempera- 
tare  and  the  like,  but  a  regular  and  vital  process,  which  commences 
with  the  first  formation  of  the  organ,  and  is  completed  only  when 
that  is  no  longer  useful ;  and  we  cannot  help  admiring  the  wonder- 
ful provision  that  heals  the  wound  even  before  it  is  absolutely  made, 
and  affords  a  covering  from  atmospheric  dianges  before  the  part  can 
be  subjected  to  them."*  Leaves  fall  by  an  articulation  in  most 
Exogenous  plants,  where  the  insertion  usually  occupies  only  a* 
moderate  part  of  the  circumference  of  the  stem,  and  especially  in 
those  with  woody  stems  which  continue  to  increase  in  diameter. 
When  they  are  not  cast  off  in  autumn,  therefore,  the  disruption 
inevitably  takes  place  the  next  spring,  or  whenever  the  drcumfer- 

*  Br.  Innum,  in  Henfrey's  Botanical  Gazette,  Voi  1.  p.  61. 
15  • 


Digitized  by 


Google 


174  THK    LKATB8. 

ence  further  enlarges.  But  in  most  Endogenous  plants,  where  the 
leaves  are  scarcely,  if  at  all,  articulated  with  the  stem,  which  m- 
creases  little  in  diameter  subsequent  to  its  early  growth,  they  are 
not  thrown  off,  but  simply  wither  and  decay ;  their  dead  bases  or 
petioles  being  often  persistent  for  a  long  time. 

311.  The  Death  of  the  leaf,  however,  in  these  and  other  eases,  is 
still  to  be  explained.  Why  have  leaves  such  a  temporary  exist- 
ence ?  Why  in  ordinary  cases  do  they  last  only  for  a  single  year, 
or  a  single  summer  ?  An  answer  to  this  question  is  to  be  found 
in  the  anatomical  structure  of  the  lea^  and  the  nature  and  amount 
of  the  fluid  which  it  receives  and  exhales.  The  water  continuallj 
absorbed  by  the  roots  dissolves,  as  it  perookites  the  soil,  a  small 
portion  of  earthy  matter.  Li  limestone  districts  especially,  it  takes 
up  a  sensible  quantity  of  carbonate  and  sulphate  of  lime,  and  be- 
comes hard.  It  likewise  dissolves  a  smaller  proportion  of  sikx, 
magnesia,  potash,  Ssc  A, part  of  this  mineral  matter  (44,  93)  is  at 
once  deposited  in  the  woody  tissue  of  the  stem ;  but  a  larger  por- 
tion is  carried  into  the  leaves,  where,  as  the  water  is  exhaled 
pure,  all  this  earthy  substance,  not  being  volatile,  must  be  lefl  be- 
hind to  incrust  the  delicate  cells  of  the  parenchyma,  much  as  the 
vessels  in  which  water  is  boiled  for  culinary  purposes  are  in  time 
incrusted  with  an  earthy  deposit  This  earthy  incrustation,  in  ccm- 
necdon  with  the  deposition  of  organic  solidified  matter,  must  grad- 
ually choke  the  tissue  of  the  lea^  and  finally  unfit  it  for  the  per^ 
fbrmance  of  its  offices.  Hence  the  fresh  leaves  most  actively  fulfil 
their  functions  in  spring  and  early  summer ;  but  languish  towards 
autumn,  and  erelong  inevitably  perish.  Hence,  although  the  roots 
and  branches  may  be  pennanent,  the  necessity  that  the  leavtt 
should  be  annually  renewed.  But  the  former  are,  in  fact,  annuaUy 
Knewed  likewise ;  and  life  abandons  the  annual  layers  of  wood  and 
baric  almost  as  soon  as  it  does  the  leaves  they  supply  (224,  231), 
and  for  similar  reasons  %  although  their  situation  is  such  tliat  tliey 
become  part  of  a  permanent  structure,  and  serve  to  convey  the  sap, 
even  when  no  longer  endowed  with  vitality. 

812.  The  general  correctness  of  tliis  view  may  be  tested  by  direct 
microscopical  observation.  In  Fig.  223, 224,  some  superficial  paren- 
chyma thus  obstructed  by  long  use  is  represented;  and  similar 
illustrations  may  be  obtained  from  ordinary  leaves.  That  this 
deposit  consists  in  great  part  of  earthy  matter,  is  shown  by  care- 
fully burning  away  the  organic  materials  of  an  autumnal  leaf  over 
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a  lampy  and  ^xamioing  the  ashes  by  the  microscope ;  which  will  be 
iound  very  perfectly  to  exhibit  the  form  of  the  cells.  The  ashes 
vhich  remain  when  a  leaf  or  other  vegetable  substance  is  burned 
IB  the  open  air,  represent  the  earthy  materials  wliich  it  has  accu- 
mulated. A  vernal  leaf  leaves  only  a  small  quantity  of  ashes ;  an 
autumnal  leaf  yields  a  very  large  proportion,  —  from  ten  to  thirty 
times  as  much  as  the  wood  <^  the  same  species ;  although  the  leaves 
contain  the  deposit  of  a  suigle  season  only,  while  the  heart-wood  is 
loaded  with  the  accumulations  of  successive  years.* 

313.  Kxhalttkm  from  the  LeiTett  The  quantity  of  water  exhaled 
from  the  leaves  during  active  vegetation  is  very  great  In  one  of 
the  well-known  experiments  of  Hales,  a  Sunflower  three  and  a  half 
feet  high,  with  a  sur&ce  of  5,616  square  inches  exposed  to  the  air, 
was  found  to  perspire  at  the  rate  of  twenty  to  thirty  ounces  avoirdu- 
pois every  twelve  hours,  or  seventeen  times  more  than  a  man.  A 
Vine,  with  twelve  square  feet  of  foliage,  exhaled  at  the  rate  of  five 
or  six  ounces  a  day ;  and  a  seedling  Apple-tree,  with  eleven  square 
feet  of  foliage,  lost  nine  ounces  a  day.  Tlie  amount  varies  with  the 
d^ee  of  warmth  and  dryness  of  the  air,  and  of  exposure  to  light ; 
and  is  also  very  different  in  different  species,  some  exhaling  more 
copiously  even  than  the  Sunflower.  But  when  we  consider  the  vast 
perspiring  surface  presented  by  a  large  tree  in  full  leaf,  it  is  evident 
that  the  quantity  of  watery  vapor  it  exhales  must  be  immense. 
This  exhalation  is  dependent  on  the  capacity  of  the  air  for  moisture 
at  the  time,  and  upon  the  presence  of  the  sun ;  often  it  is  scarcely 
perceptible  during  the  night.  The  Sunflower,  in  the  experiment  of 
Hales,  lost  only  three  ounces  in  a  warm,  dry  night,  and  underwent 
no  diminution  during  a  dewy  night. 

314.  Sise  of  thfi  S^p.  Now  this  exhalation  by  the  leaves  requires 
a  corresponding  absorption  by  the  roots.  The  one  is  the  measure 
of  the  other.  If  the  leaves  exhale  more  in  a  given  time  than  the 
roots  can  restore  by  absorption  from  the  soil,  the  foliage  droops ; 
as  we  see  in*a  hot  and  dry  summer  afternoon,  when  the  drain  by 

*  The  dried  leaves  of  the  Elra  contain  more  than  eleven  per  cent  of  ashes, 
while  the  wood  contains  less  than  two  per  cent ;  those  of  the  Willow,  more 
than  eight  per  cent,  while  the  wood  has  only  0  i5 ;  those  of  the  Beech,  6.69, 
the  wood  only  0.36  ;  those  of  the  (European)  Oak,  i.05,  the  wood  only  0.21 ; 
those  of  the  Pitch-Pine,  3.15,  the  wood  only  0.25  per  cent  Hence  the  decaying 
foliage  in  our  forests  restores  to  the  soil  a  laige  proportion  of  the  inorganic 
matter  which  the  trees  from  year  to  year  take  from  it 
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exhalation  is  very  great,  wliile  a  further  supply  of  moisture  can 
hardly  be  extorted  from  the  parched  soil ;  —  as  we  observe  also  in 
a  leafy  plant  newly  transplanted,  where  the  injured  rootlets  are  not 
immediately  in  a  fit  condition  for  absorption.  Ordinarily,  how- 
ever, exhalation  by  the  leaves  and  absorption  by  the  roots  are  in 
direct  ratio  to  each  other,  and  the  loss  sustained  by  the  leaves  is 
immediately  restored  (by  endo6mosis,*40)  thixxigh  the  ascent  of  the 
sap  from  the  branches,  the  latter  being  constantly  supplied  by  the 
stem ;  so  that,  during  active  vegetation,  the  sap  ascends  from  the 
remotest  rootlets  to  the  highest  leaves,  at  a  rate  corresponding  to 
the  amount  of  exhalation.  The  action  of  the  leaves  is,  therefore, 
the  principal  mechanical  cause  of  the  ascent  of  the  sap.  This  is 
well  illustrated  when  a  graft  has  a  different  time  of  leafing  fitnn 
that  of  the  stock  upon  which  it  is  made  to  grow,  the  grail  wholly 
regulating  the  season  or  temperature  at  which  the  sap  is  put  in 
motion,  and  controlling  the  habits  of  the  original  stock.  Also  hj 
introducing  the  branches  of  a  tree  into  a  conservatory  during 
winter ;  when,  as  their  buds  expand,  the  sap  in  the  trunk  without 
is  set  unseasonably  into  motion  to  supply  the  demand. 

815.  During  the  summer's  vegetation,  while  the  sap  is  consumed 
or  exhaled  almost  as  fast  as  it  enters  the  plant,  no  considerable  ac- 
cumulation can  take  place :  but  in  autumn,  when  the  leaves  perffih, 
the  rootlets,  buried  in  the  soil  beyond  the  influence  of  the  ocdd, 
which  checks  all  vegetation  above  ground,  continue  for  a  time  slowly 
to  absorb  the  fiuid  presented  to  them.  Thus  the  trunks  of  many 
trees  are  at  this  season  gorged  with  sap,  which  will  flow  from  in- 
cisions made  into  the  wood.  This  sap  undergoes  a  gradual  change 
during  the  winter,  and  deposits  its  solid  matt^  in  the  cells  of  the 
wood.  The  absorption  recommences  in  the  spring,  before  new 
leaves  are  expanded  to  consume  the  fiuid ;  chemical  changes  take 
place ;  the  soluble  matters  in  the  tissue  of  the  stem  are  redissdved, 
and  the  trunk  is  consequently  again  gorged  with  sap,  which  will 
fiow,  or  Ueedy  when  wounded.  But  when  the  leaves  resume  their 
functions,  or  when  flowers  are  developed  before  the  leaves  appear, 
as  in  many  forest^rees,  this  stock  of  rich  sap  is  rapidly  consumed, 
and  the  sap  will  no  longer  flow  from  an  incision.  It  is  not,  there- 
fore, at  the  period  when  the  trunk  is  most  gorged  with  sap,  in  spring 
and  autumn,  but  when  least  so,  during  summer,  that  the  sap  is  prob- 
ably most  rapidly  ascending. 
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CHAPTER     VI. 

OP  THE  POOD  AND  NUTRITION  OP  PLANTS. 

Sect.  L    The  General  Phtsiologt  of  Vegetation. 

SI  6.  The  Organs  of  Vegetation  or  Nutrition  (those  hy  which 
plants  grow  and  form  their  various  products)  having  now  been  con- 
sidered, both  as  to  their  structure  and  to  some  extent  as  to  their 
action,  we  are  prepared  to  take  a  OHnprehensive  survey  of  the 
general  results  of  vegetation ;  to  inquire  into  the  elementary  com- 
position of  plants,  the  nature  of  the  food  hy  which  they  are  nour^ 
ished,  the  sources  from  which  this  food  is  derived,  and  the  transfor- 
mations it  undergoes  in  their  system.  It  is  in  vegetable  digestion, 
or,  to  use  a  better  term,  in  assimikUianj  that  the  essential  nature  of 
v^etation  is  to  be  sought,  since  it  is  in  this  process  alone  that  min- 
eral, unorganized  matter  is  converted  into  the  tissue  of  plants  and 
other  forms  of  organized  matter  (1, 12-16).  Frotn  this  point  of 
view,  therefore,  the  reciprocal  relaticms  and  influences  of  the  min-. 
end,  .vegetable,  and  animal  kingdoms  may  be  most  advantageously 
oontemplated,  and  the  office  of  plants  in  the  general  economy  of  the 
world  best  understood.  This  portion  of  general  physiology  is  inti- 
mately connected  with  chemistry,  and  some  knowledge  of  that  sci- 
ence is  requisite  for  understanding  it.  We  are  here  restricted  to 
the  bare  statement  of  the  leading  facts  which  are  thought  to  be 
established,  and  the  more  important  deductions  which  may  be  drawn 
from  them. 

317.  While  the  organs  of  vegetation  have  been  considered  ana^ 
tomically  and  morphologically,  or  in  view  of  their  structure  and 
development,  still  the  leading  points  of  their  physiology,  or  connected 
action  in  the  life  and  growth  oi  the  plant,  have  from  time  to  time 
been  explained  or  assumed. 

318.  The  functions  of  nutrition^  which,  in  the. higher  animals, 
comprise  a  variety  of  distinct  processes,  are  reduced  to  the  greatest 
degree  of  simplicity  in  vegetables.  Indnhition^  assimilation^  and 
growth  essentially  include  the  whole. 

310.  Plants  absorb  their  food,  entirely  in  a  liquid  or  gaseous  form, 
by  imbibition,  according  to  the  law  of  endosmosis  (40),  through  the 
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walls  of  the  cells  that  form  the  surface,  prindpallj  those  of  the 
newest  roots  and  their  fibrils  (183).  The  flaid  absorbed  by  die 
roots  mingled  in  the  cells  with  some  previously  assimilated  matter 
thej  contain  in  solution  (26,  79),  is  diffused  by  exosmosis  and  endos- 
mosis  from  cell  to  ceU,  rising  jHincipally  in  the  wood  (224,  230) ; 
and  is  attracted  into  the  leaves  (or  to  other  parts  <^  the  surface  of 
the  plant  exposed  to  the  air  and  light)  by  the  exhalation  ¥^ch 
takes  place  from  them  (314),  and  the  consequent  inspissaticNi  of  the 
sap.  Here,  exposed  to  the  light  of  the  sun,  the  crude  sap  is  assimi- 
lated, or  converted  into  organizd[>le  matter  (79)  ;  and,  thus  prepared 
to  form  vegetable  tissue  or  any  organic  product,  the  elaborated  fluid 
is  attracted  into  growing  parts  by  endosmosis,  in  consequence  of  its 
consumption  and  oondensation  there,  or  is  diffiiaed  through  the  newer 
tissues.  There  is  no  movement  in  plants  of  the  nature  of  the  dr^ 
euktion  in  animals.  Even  in  the  60K»lled  vessels  of  the  latex 
there  is  merely  a  mechanical  flow  from  the  turgid  tubes  towards  the 
place  where  the  liquid  is  escaping  when  wounded,  or  frxmi  a  part 
placed  under  increased  pressure  (63).  The  only  circulation,  or 
directly  vital  movement  of  fluid,  in  vegetable  tissue,  is  the  cyclosist 
or  the  system  of  currents  in  the  layer  d  prot<^lasm  in  young  and 
active  cells  (36)  :  this  movement  is  oonfined  to  the  individual  eell, 
and  can  have  no  influence  in  the  transference  of  the  si^  from  cdl 
to  celL  Respiration  is  likewise  a  funcdon  of  animals  alone.  What 
is  generally  so  called  in  vegetables  is  connected  with  as^milatioiiy 
and  is  of  entirely  difierent  physiological  significance,  as  will  pres- 
ently be  shown.  None  of  the  secretions  of  plants  appear,  like 
many  of  those  of  animals,  to  play  any  part,  at  least  any  essential 
part,  in  nutrition.  Many,  if  not  all  of  them,  are  purely  chemical 
transformations  of  the  general  assimilated  products  of  plants, — are 
excretions  rather  than  secareticns  (88-90). 

320.  The  appropriation  of  assimilated  matter  in  vegetable  growth^ 
and  the  production  and  multiplication  of  ceUs,  which  noake  up  the 
fabric  of  the  plant,  have  already  been  treated  d*  (25-34).  We 
have  now  mainly  to  consider  what  the  food  of  plants  is,  whence  it  il 
derived,  and  how  it  is  elaborated. 
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Sect.  IL    The  Food  and  toe  ELEHEinrABT  CoMPOsinoir 
OF  Plants, 

321.  The  Fbod  and  the  elementary  oompodtion  of  pbats  stand 
in  a  necessary  relation  to  eaeh  othei^  Sinee  it  is  not  to  be  sup^ 
posed  that  plants  possess  the  power  of  cheating  any  simple  element, 
whateter  they  consist  of  Bdast  have  heen  derived  from  without. 
Thdr  composition  indicates  their /o^  and  vice  t>er$SL  If  we  have 
learned  die  diemkal  composition  of  a-vegeti^lc^  imd  Ao  what  it 
gives  back  to  the  bo3  and  the  air,  we  know  conseqaeatly  what  it 
must  have  derived  from  withoat,  that  is,  \i&food»  Oi;  if  we  have 
ascertained  what  the  plant  takes  from  the  soil  and  taic,  iuid  what  ife 
returns  to  them,  -we  have  learned  its  cheiAical  oompoation,  namely, 
the  difference  between  these  twa  And  when  ve  compare  the  na- 
ture and  condition  of  the  materials  which  the  plant  ti&es  from  the 
soil  .aikd  the  air  wfdi  what  it  gives  bAck  to  then,  m^  may  fotm  a 
correct  notion  of  the  inflaence  of  vegetation  upoo  the  mineral  kin^^ 
dom.  By  considering  the  iitfaterialsof  whidi  plant».are  composed, 
we  may  leam  what'  tibeir  feed  must  necessarily  contain. 

322.  The  CaufltaeBtl  A  Pkntl  aze^two  kinds ;  the  eartk^  or  tV 
or^romc,  and  the'ofyaate.  It  has  been  stated  <(93)  that  various: 
earthy  matters,  dissolved  by  the  water  which  the  roots  ^sorb,  are 
drawn  into  the  |dant,  and  at  length  deposited  ia  the  wood,  leavee^ 
4bc.  These  form  the  ashes  which  are  left  on  burning  a  leaf  or  a 
fnece  of  wood.  Although  these  mineral  matters  are  often  turned 
to  account  by  the  plant,  and  some  of  them  are  liecessary  in  the. 
formation  of  certain  products,  (as  the  silez  which  gives  needftiL 
firmness  to  the  stalk  of  Wheat,  and  the  phosphates  which  are  foiOid 
in  the  grain,)  yet  none  of  them  are  essential  to  simple  vegetation, 
which  may,  to  a  certain  extenti  proceed  without  dienu  These 
materials,  the  presence  of  which  is  in  some  sort  aoddentKl,  althou^ 
for  certain  purposes  essential,  are  distinguished  as  the  ecartJnfj  or 
nuneralj  or  inofyanie  eonsHiuetUs  of  plantsu  This  class  may 
be  left  entirely  out  of  view  for  the  present.  But  the  analysis  of 
any  newly  formed  vegetable  tissue,  or  of  any  part  of  the  plant, 
such  as  a  piece  of  wood,  after  the  incrusting  mineral  miUter  has 
been  chemically  removed,  invariably  yields  but  three  or  four  ele* 
■oents.  These,  which  are  Indispensable  to  vegetation,  and  make 
up  at  least  from  eighty-eight  to  ninety-nine  per  cent  of  every  veget 
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table  substance,  are  termed  the  univer$al,  organic  conttituents  of 
phmts.  They  are  Carbon^  Hydrogen,  Oxygen,  and  Nitrogen  (10^ 
27).  The  proper  vegetable  structure,  that  is,  the  tissue  itself, 
consists  of  only  three  <^  these  elements,  namely,  carbon,  hydrogei^ 
imd  oxygen  j  while  the  fourth,  nitrogen,  is  an  ess^ial  constituent 
of  the  protoplasm,  which  plays  so  important  a  part  in  the  ibrmatka 
of  the  cells  and  is  an  element  of  one  class  of  vegetable  products. 

823.  The  Organie  Constitnentl.  These  lour  elements  must  be  fuiw 
ni^ed  by  the  food  upon  which  the  vegetable  lives ;  —  they  must 
be  drawn  fhym  the  smi  and  the  air ;  in  some  cases,  doubtless,  from 
the  latter  source,  as  in  Epiphytes,  or  Air-plants  (149),  but  gener- 
idly  and  principally  by  absorption  through  the  roots.  The  plant's 
nourishment  is  wholly  received  either  in  the  gaseous  or  the  liquid 
fbrm ;  for  the  leaves  can  imbibe  air  or  vapor  only,  and  the  roots  are 
incapable  of  taking  in  particles  of  solid  matter,  however  minutely  di« 
vided  (40, 138). 

824.  In  whatever  mode  imlnbed,  evidently  the  main  vehicle  of 
HbB  plant's  nourishment  is  watery  which  as  a  liquid  or  as  Ywpor  is 
eontinuaUy  in  contact  with  its  roots,  and  in  the  state  oi  viqpor  always 
surrounds  its  leaves.  We  have  seen  how  copiously  water  is  takeir 
up  by  the  growing  plant,  and  have  formed  some  general  idea  of  hs 
amount  by  the  quantity  that  is  exhaled  unconsnmed  by  the  leaves 
(818).  But  pure  water,  although  indispensable^  is  insuflident  for 
the  nourishment  of  plants.  It  consists  of  oxygen  and  hydrogen  i 
and  therefore  may  furnish,  and  doubdess  does  principally  furnish^ 
these  two  essential  elements  of  the  vegetable  structure.  But  it  can- 
not supply  what  it  does  not  itself  contain,  namely,  the  carbon  and 
nitrogen  which  the  plant  also  requures. 

825.  Tet  the  question  arises,  whether  the  water  which  the  plant 
Actually  imbibes  contains  in  fact  a  quantity  of  these  remaining 
elements.  Though  pure  water  cannot,  may  not  rain-water  supply^ 
the  needful  carbon  and  nitrogen  ?  It  is  evident  that,  if  the  water 
which  in  such  large  quantities  rises  through  the  plant>  and  b  ex- 
haled from  its  leaves,  contain  even  a  very  minute  quantity  of  these 
ingredients,  in  such  a  fbrm  that  they  may  be  detained  when  the 
superfluous  water  is  exhaled,  this  might  furnish  the  whole  organic^ 
food  of  the  vegetable ;  since  the  plant  may  condense  and  accuma* 
late  the  carbon  and  nitrogen,  just  as  the  extremely  minute  quantity^' 
of  earthy  matter  which  the  water  contains  b  in  time  largely  accu- 
mulate in  the  leaves  and  wood. 
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826.  As  respects  the  nitrogen,  nearly  seventy-nihe  per  cent  of 
Ibe  atmosphere  consists  of  this  gas  in  an  uneombined  or  |ree  state, 
that  is,  merely  mingled  with  oxygen.  And,  being  soluble  to  some 
extent  in  water,  every  rain-drop  that  falls  throngh  the  air  f^>6orbs 
and  brings  to  the  ground  a  minute  quantity  of  it,  which  is  therefore 
necessarily  introduced  into  the  plant  with  the  water  which  the  roots 
imbibe.  This  accounts  for  the  free  nitrogen  which  IB  always  pres- 
ent in  plants. 

S27.  The  plant  also  receives  nitrogen  in  the  form  of  ammonia 
(or  hartshorn),  a  compound  o£  hydrogen  tsad  nitrogen,  which  is 
always  produced  when  any  animal  and  almost  any  vegetable  subr 
stance  decays,  and  which,  being  very  volatile,  contmually  rises  ii^ 
the  air  from  these  and  other  sources.  Besides,  it  appears  to  be 
ibrmed  in  the  atmosphere,  through  electrical  action  in  thunder-stmtns 
-(in  the  form  of  nitrate  of  ammonia).  The  extreme  solubility  of  am- 
monia and  all  its  compounds  prevents  its  accumulation  in  the  atmos^ 
pbere,  from  which  it  is  greedily  absorbed  by  aqueous  vapor,  and 
brought  down  to  the  ground  by  rain.  That  the  roots  actually  ab- 
sorb it  may  be  inferred  from  the  £umliar  facts,  that  plants  grow 
most  luxuriantly  when  the  soil  is  supplied  with  substances  which 
yield  much  ammonia,  such  as  animal  manures ;  and  that  ammonia 
may  be  detected  in  the  juices  of  almost  all  plants.  That  the  am^ 
monia  in  the  mr,  and  the  nitre  almost  everywhere  formed  in  a  fertile 
eoil,  and  not  the  free  nitrogen  of  the  atmosphere,  take  the  principal 
part  in  the  formation  of  the  protoplasm  and  other  quaternary  ele- 
ments of  plants,  is  demonstrated  by  Boussingault's  experiments, 
allowing  that  a  seedling  from  which  all  nitrogen  is  excluded  except 
the  free  nitrogen  of  the  air,  as  it  vegetates  does  not  increase  the 
amount  of  azotized  matter  it  (mginally  had  in  the  seed,  but  dimin- 
ishes it*  Rain-water,  therefore,  contains  the  third  element  of 
▼egetation,  namely,  nitrogen,  both  in  a  separate  form  and  in  that  of 
ammonia,  &a 

328.  The  source  of  the  remaining  constituent,  carbon,  is  still  to 
be  sought.  Of  this  element  plants  must  require  a  copious  supply, 
ainoe  it  forms  much  the  largest  portion  of  their  bulk.  If  the  carbon 
of  a  leaf  or  of  a  piece  of  wood  be  obtained  separate  from  the  other 
cyrganic  elements, — which  may  be  done  by  charring,  that  is,  by 
heating  it  out  of  contact  with  the  air,  so  as  to  drive  off  the  oxygen, 

*  QmpUM  Rendus,  Kovember  28,  1853,  and  Ann,  Set.  NatwrdleM^  ser.  4,  Vol. 
1  &  2  (1854) ;  abo  YoL  7  (1857),  showing  the  part  which  nitre  plays. 
16 
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l^drogen,  and  carbon, -^-althougli  a  small  part  of  tlie  caribon  la 
necesaarilj  lost  in  the  mpemtkUif  jet  what  remaiiis  perfectly  pro- 
•erves  the  shape  of  the  ori^nal  body,  even  to  that  of  its  moat 
delicate  cells  and  vessels.  With  the  exception  of  the  ashes^  this 
consists  of  carbon^  or  charcoal,  amounting  to  fitm  forty  to  sixtj 
per  centv  by  weight,  of  the  original  material.  Caiton  is  itself  « 
solid,  abscdutdy  insoluble  in  water,  and  therefore  mcapable  of  as- 
sumption by  the  plant.  The  chief^  if  not  the  only,  fluid  ccMiipound 
of  carbon  whidi  is  naturally  presented  to  the  plant,  is  that  of  car- 
bonic acid  gas,  which  consists  of  carbon  united  with  oxygen.  Thia 
gas  makes  up  <m  the  average  one  2500th  of  the  bulk  of  the  at- 
mosphere ;  from  which  it  may  be  directly  ab6ori>ed  by  the  leaves. 
But^  being  freely  solnhle  in  water  up  to  a  certain  point,  it  most  also 
be  carried  down  by  the  rain  and  imbibed  by  the  roots.  The  car- 
bonic acid  of  the  atmosphere  is  therefore  the  great  source  of  carbon 
for  vegetaticm. 

829.  It  i^pears,  then,  that  the  atmosphoie — eonsidermg  water 
in  the  state  of  i^por  to  form  a  component  part  of  it — contains  all 
the  essential  materiab  for  the  growth  <^  vegetaUes,  and  in  the  fona 
beat  adapted  to  their  use,  namely,  in  the  fluid  state.  It  ibmishea 
water,  whidi  is  not  only  food  itself,  iuasmQch  as  it  supplies  exygea 
and  hydrogen,  but  is  likewise  the  vehicle  of  the  others,  eoBtreymg 
io  the  roots  what  it  has  gathered  from  the  air^  namely,  the  requinta 
supi^y  of  nitrogen,  either  as  sudi  or  in  the  form  oi  amuKmia,  and 
of  carbon  in  the  form  of  carbonic  acid. 

830.  These  essential  elements,  the  whole  prop^  food  iX  pkmts^ 
ma^  he  absorbed  by  the  leaves  directly  from  the  aar^  in  the  state  of 
gas  or  vsqMxr.  Doubtless  most  plants  actually  take  in  no  small  part 
of  their  food  in  this  way.  I^rooping  foliage  may  be  revived  by 
sprinkling  with  water,  or  by  exposure  to  a  moist  atmosphere.  A 
vigorous  brandi  of  the  common  Live*for-ever  (Sedum  Tel^hium)^ 
or  of  many  similar  plants,  it  is  well  known,  will  live  and  grow  for  a 
whole  season  when  pinned  to  a  ^ocy  and  b|u^  wall ;  and  the  £pi- 
phjTtes,  or  Air-plants  (H9))  as  they  are  aptly  called,  must  derive 
their  whole  sustenance  immediately  from  the  air ;  for  they  have  no 
txmnection  with  the  ground.  That  leaves  absorb  carbonic  add 
directly  from  the  air  is  readily  shown  (348). 

331.  But,  as  a  general  statement,  it  may  be  said  that  plants,  al- 
thou^  they  derive  their  food  from  the  air,  receive  it  mainly  throng 
their  roots.    The  aqueous  vapor,  condensed  into  rain  or  dew,  and 
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Inriiighig  with  it  to  the  ground  a  porUon  of  carhonie  acid^  and  of 
nitrogen  or  ammonia^  ^be.,  sapplies  the  appropriate  food  of  the  phint 
to  the  rootlets  (sometimes  in  a  liquid,  but  also  much  of  it  in  a  gaseous 
ibrm).  Imbibed  bj  these,  it  is  conveyed  through  the  stem  and  into 
the  leaves,  where  the  superfluous  water  is  restored  to  the  atmosphere 
by  ezhalatkxi,*  while  the  residue  is  converted  into  the  fuoper  nour^ 
ishment  and  substance  of  the  vegetable. 

S32L  The  atmosphere  is  therefore  the  great  storehouse  from 
which  vegetables  derive  their  nourishment ;  and  it  might  be  clearlj 
shown  that  all  the  constituents  of  plants,  excepting  the  small  earthy 
portioa  that  many  can  do  without,  have  at  some  period  formed  a 
part  of  the  atmosphere.  The  vegetable  kingdom  represents  an 
amount  of  matter,  which  plants  have  withdrawn  from  the  air,  organ«> 
ized,  and  confined  for  a  time  to  the  sur&ce. 

333.  Does  it  therefore  follow,  that  the  soil  merely  serves  as  a 
foothold  to  plants,  and  that  all  vegetables  obtain  their  whole  nour* 
ishment  directly  from  the  atmosphere  ?  This  must  have  been  the 
case  with  the  first  plants  that  grew,  when  no  vegetable  or  animal 
matter  existed  in  the  soil ;  and  no  less  so  with  the  first  vegetation 
that  covers  small  volcanic  i'dands  raised  in  our  own  times  from  the 
sea,  or  the  surface  of  lava  thrown  from  ordinary  volcanoes.  No 
Tegeti^le  matter  is  brought  to  these  perfectly  sterile  mineral  soils, 
except  the  minute  portion  contained  in  the  seeds  wafled  thither  by 
winds  or  waves.  And  yet  in  time  a  vast  quantity  is  produced,  which 
is  represented  not  only  by  the  existing  vegetaticm,  but  by  the  mould 
that  the  decay  of  previous  generations  has  imparted  to  the  soil.  We 
arrive  at  the  same  result  by  the  simple  experiment  of  causing  a 

*  The  water  exhaled  may  be  again  abeoihed  by  the  roots,  laden  with  a  new 
soppljr  of  the  ocher  elements  from  te  air,  again  exhaled,  and  so  on ;  as  is 
beautifaUy  illustrated  by  the  cultiTation  of  plants  in  closed  Ward  case*,  whoro 
plants  are  seen  to  floarish  for  a  long  time  with  a  very  limited  supply  of  water, 
every  particle  of  which  (except  the  small  portion  actually  consumed  by  the 
plants)  must  pass  repeatedly  through  this  circulation.  This  vegetable  micro- 
eoam  well  exhibits  the  actual  relations  of  water,  &c.  to  regetation  on  a  large 
scale  in  natue ;  where  the  water  is  ahemately  and  repeatedly  raised  by  evapo- 
vation  and  rcoondcnsed  to  such  extent  that  what  actually  falls  in  rain  is  esti- 
mated to  be  re-evaporated  and  rained  down  (on  an  average  throughout  the- 
vrorld)  ten  or  fifteen  times  in  the  course  of  a  year.  In  this  way  the  atmosphere 
is  repeatedly  washed  by  the  rain ;  and  those  vapors  washed  out  which  else  by 
iSbmr  accumulation  would  prove  injurious  to  men  and  animnls,  and  conveyed  to 
llie  roots  of  plants,  which  they  are  especially  adapted  to  nourish. 
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seed  of  known  weight  to  geiminate  on  powdered  flints^  or  on  a  aofl 
which  has  been  heated  to  rednessy  and  watering  it  with  rain-water 
alone.  When  the  young  ]dant  has  attained  all  the  development  it  is 
capable  of  under  these  circumstances^  it  wiU  be  found  to  weigh  (after 
due  allowance  for  the  sikx  it  may  have  taken  up)  perhaps  fifty  or 
one  hundred  times  as  much  as  the  original  seed.  There  can  be  no 
question  as  to  the  source  of  this  v^etable  matter  in  all  these  cases. 
The  requisite  materials  exist  in  the  air.  Plants  possess  the  peculiar 
f acuity  of  drawing  them  from  the  air.  The  air  must  have  furnish^ 
the  whole.  This  conclusion  is  amply  confirmed  by  a  great  variety  of 
familiar  facts ;  such  as  the  continued  accumulation  of  vegetable  ma^ 
ter  in  peat4)og3y  and  of  mould  in  neglected  fields,  in  old  forests,  and 
generally  wherever  vegetation  is  undisturbed.  Since  thb  rich 
jnould,  instead  of  diminishing,  r^ularly  increases  with  the  age  of 
the  forest  and  the  luxuriance  of  vegetation,  Uie  trees  must  have 
drawn  from  the  air,  not  only  the  vast  amount  of  carbon,  &c  that  is 
stored  up  in  their  trunks,  but  an  additional  quantity  which  is  im- 
parted to  the  soil  in  the  annual  fall  of  leaves,  &c 

334.  Still  it  by  no  means  follows  that  each  plant  draws  all  it* 
nourishment  directly  from  the  ain  Tliis  unquestionably  happens 
in  some  of  the  special  cases  just  mentioned ;  with  Air-plants,  and 
with  those  that  first  vegetate  on  volcanic  earth,  bare  rocks,  ni^ed 
walls,  or  pure  sand.  But  it  is  particularly  to  be  remarked,  that 
only  certain  tribes  of  plants  will  continue  to  live  under  such  cir- 
cumstances, and  that  none  of  the  vegetables  most  usefiil  as  food 
for  man  or  the  higher  animals  will  thus  thrive  and  come  to  matu- 
rity. In  nature,  the  races  of  plants  that  will  grow  at  the  entire 
expense  of  the  air,  such  as  Lichens,  Mosses,  Ferns,  and  certain 
tribes  of  succulent  Flowering  plants,  gradually  form  a  soil  oi  vege- 
table mould  during  their  life,  which  they  increase  in  their  decay ; 
and  the  successive  generations  live  more  vigorously  upon  the  in- 
heritance, being  supported  partly  upon  what  they  draw  from  the 
air,  and  partly  upon  the  ancestral  accumulation  of  vegetable  mould. 
Thus,  each  generation  may  enrich  the  soil,  even  when  consisting  of 
plants  that  draw  largely  upon  vegetable  matter  thus  accumulated ; 
for  these  annually  restore  a  portion  by  their  dead  leaves,  Ac,  and 
when  they  die  they  may  bequeath  to  the  soil,  not  only  all  that  they 
took  from  it,  but  all  that  they  drew  from  the  air.  It  is  in  thb  way 
.that  the  lower  tribes  and  so-called  useless  plants  create  a  soil,  which 
will  in  time  support  the  higher  plants,  of  inunediate  impi^rtanee  to 
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[  and  the  higher  animiils,  but  whkh  could  never  grow  and  per- 
feot  thdr  fruit,  if  left,  like  their  humble  but  indispensable  predeces- 
sors, to  derire  an  unaided  subsistence  directly  from  the  inorganic 
world.  TVliile  it  is  strictly  true,  therefore,  that  all  the  organic  ele- 
ments have  been  originally  derived  from  the  air,  it  is  not  true  that 
what  is  contained  in  almost  any  given  plant,  or  in  any  one  crop,  is 
immediately  &^wn  from  this  source.  A  part  of  it  is  thus  supplied, 
but  in  prc^rtions  varying  greatly  in  different  species  and  under 
deferent  circumstances.  Undisturbed  vegetation  consequently  tends 
always  to  enrich  the  soiL  But  in  agriculture  the  crop  is  ordinarily 
removed  from  the  land,  and  with  it  not  only  what  it  has  taken  from 
the  earth,  but  also  what  it  has  drawn  ftam  the  air ;  and  the  soil  is 
accordingly  impoverished.  Hence  the  farmer  finds  it  necessary 
to  follow  the  example  of  nature,  and  to  restore  to  the  land,  in  the 
form  of  manure,  an  amount  substantially  equivalent  to  what  he 
takes  away. 

d3d.  The  mode  in  which  vegetable  mould  is  turned  to  account 
by  growing  plants  has  not  yet  been  sufficiently  investigated.  Ac- 
cording to  Liebig,  the  decaying  vegetable  matter  is  not  employed 
vodl  it  has  been  resolved  into  its  original  inorganic  elements, 
namely,  into  water,  carbonic  add,  ammonia,  &c  ;  which  are  imbibed 
by  the  roots  both  directly  in  the  gaseous  state,  and  when  taken  up  by 
the  water  as  it  percolates  through  the  soil.*  Others  suppose  that  a 
portion  of  the  food  which  plants  derive  from  decaying  ve^table 
matter  may  consist  of  soluble,  still  organic  compounds.  The  econ- 
omy of  the  greenless  parasitic  plants  (152)  is  adduced  in  confirma- 
tion of  this  view :  but  these  are  nourished  by  the  foster  plant  just  as 
its  own  flowers  are  nourished.  Decisive  evidence  to  the  point  is 
furnished  by  Fungi,  the  greater  part  of  which  live  upon  decaying 
oiganic  matter,  and  have  not  the  power  of  forming  organizable  pro- 


*  While  it  may  be  rightly  said,  that  the  proportion  of  carbonic  acid  in  the 
atmosphere  is  too  minute  directly  to  supply  ordinary  vegetation,  especially 
that  of  escnlent  plants,  with  sufficient  carbon,  this  cannot  be  said  of  the  air 
contained  in  the  pores  and  crevices  of  the  soil,  at  least  in  any  fertile  soil.  This 
air  in  the  soil  contains  a  far  larger  proportion  of  carbonic  acid  than  the  atmos* 
phere  above;,  the  excess  being  derived  partly  by  direct  absorption  or  by  the 
action  of  rain,  and  in  an  enriched  soil  more  largely  from  the  decay  of  the  mate- 
rials of  former  generations  of  plants.  In  a  recently  manured  soil,  the  carbonic 
add  ordinarily  amounts  even  to  10  or  20  per  cent  See  Boussingault  and  Lewy, 
in  Aim.  JSa,  Nat,  ser.  3,  Vol.  19,  p.  13. 
16* 
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duets  from  inorganic  materials ;  and  there  is  reason  to  think,  that 
some  Pfacenogamous  plants  (of  whidi  our  Monotropa,  or  Indian  Pipe 
is  one)  are  nourished  in  this  way. 

336.  The  Earthy  Conttitlientt.  The  mineral  substances  which  form 
the  inorganic  constituents  of  plants  (322)  are  furnished  by  the  soil, 
and  are  primarily  derived  from  the  slow  disintegration  and  deconn 

,  position  of  the  rocks  and  earths  that  compose  it.*  These  are  dis- 
,  solved,  for  the  most  part  in  very  minute  proportions,  in  the  water 
which  percolates  the  soil,  (aided,  as  to  the  more  insoluble  earthy 
salts,  by  the  carbonic  add  which  this  water  contains,)  and  with  this 
water  are  taken  up  by  the  roots.  However  minute  their  proportion 
in  the  water  which  the  roots  imbibe,  the  plant  concentrates  and 
accumulates  them,  by  the  exhalation  of  the  water  from  the  leaves, 
until  they  amount  to  an  appreciable  quantity,  often  to  a  pretty  large 
percentage,  of  the  solid  matter  of  the  vegetal:^  As  might  be  ex- 
pected  (312),  the  leaves  contain  a  much  larger  amount  of  ashes,  or 
earthy  matter,  than  the  wood,  and  herbaceous  plants  more  than  trees, 
in  proportion  to  their  weight  when  dry.f 

337.  The  ashes  left  after  combustion  are  mostly  composed  of 
the>^  alkaline  chlorides,  with  the  bases  of  potash  and  soda,  earthy 
and  metallic  phosphates,  caustic  or  carbonate  of  lime  and  magnesia, 
silica,  and  oxides  of  iron  and  of  manganese.  Several  other  sub- 
stances are  also  met  with  there,  but  in  quantities  so  small  that  they 
may  be  neglected."  Difierent  species  growing  in  the  same  soil 
appear  to  take  in  some  portion  of  all  such  materials  as  are  natu- 


♦  According  to  Liebig,  the  quantity  of  potash  contained  in  a  layer  of  soil 
formed  by  the  disintegration  of  40,000  square  feet  of  tlie  following  rocks,  &c, 
to  the  depth  of  twenty  inches,  is  as  follows.  This  quantity  of  Felspar  (a  laige 
component  of  granite,  &c.)  contains  .  .  1,152,000  lbs. 

Clinkstone,  .....      from  S00,000  to  400,000  ** 

Basalt, "      47,500  "    75,000  •' 

CUy-slate, "    100,000  "  200,000  " 

Loam,  .  ,  .  .    "      87,000  **  300,000  " 

The  silex  yielded  to  the  soil  by  the  gradual  decomposition  of  granite  and 
other  rocks  is  in  the  form  of  a  silicate  of  potash  or  other  alkali,  which,  thoogh 
insoluble  in  pure  water,  is  slowly  acted  upon  and  dissolved  by  the  united  action 
of  water  and  carbonic  acid,  or  more  largely  by  water  impregnated  with  carbon* 
ate  of  potash,  which  is  abundantly  liberated  during  the  natural  decomposition 
of  these  rocks. 

t  The  subjoined  results,  selected  from  Bonssinganit,  exhibit  fn  a  tabular  form 
the  relative  quantities  of  oi^ganic  and  inorganic  constituents  in  several  kinds  of 
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nSlj  presented  to  them  in  solution,  but  not^  however,  in  the  same 
proportions,  nor  in  propertion  to  the  relative  solubility  of  these 
several  substances ;  while,  on  the  other  hand,  the  same  species  in 
different  localities,  and  also  each  of  its  partianlar  parts  or  organs, 
contains,  or  tends  to  contain,  the  same  mineral  constituents  in  nearly 
the  same  proportion.  One  base,  however,  is  often  substituted  for 
another,  equivalent  for  equivalent,  as  magnesia  for  lime,  soda  for 
potash.  The  roots,  therefore,  appear  to  have  a  certain  power  of 
selection  in  respect  to  these  mineral  materials.  Nor  is  it  a  valid 
objection  to  this  view,  that  they  absorb  poisons  which  destroy  them. 
These  are  either  organic  products,  such  as  opium ;  or  else  are  oor^ 
rosive  substances,  such  as  sulphate  of  copper,  which  disorganize  the 
rootlets.  For  mutilated  roots  or  stems  absorb  all  dissolved  materials 
of  the  proper  density  that  are  presented  to  them,  not  only  in  much 
larger  quantity  (so  long  as  the  cut  is  fresh)  than  do  uninjured  root^ 
kts,  but  almost  indifferently,  and  in  the  same  proportion  that  they 
absorb  the  water  they  aro  dissolved  in. 

338.  In  the  ashes,  only  the  salts  which  resist  the  action  of  h^eat, 
such  as  the  phosphates,  sulphates,  and  hydrochlorates,  are  in  the 
state  in  which  they  existed  in  the  plant  itself.  A  great  part  of  the 
bases  were  combined  with  organic  acids,  formed  in  the  plant,  and 
roost  largidy  with  the  oxalic  (86)  :  these  compounds  are  by  incinera- 
tion, or^by  exposure  to  the  air,  principally  converted  into  carbonates. 

339:  It  being  indispensable  to  its  well*being  that  a  plant  should 
ftod  in  the  soil  such  mineral  matters  as  are  necessary  to  its  growth, 
we  perceive  why  various  species  will  only  flourish  in  particular  soils 
or  situations ;  why  plants  which  take  up  common  salt,  &c.  are  re- 
stricted to  the  sea-shoro  and  to  the  vicinity  of  salt-springs ;  why 


herbage,  compared,  in  several  cases,  with  the  root  or  grain.    The  water  was 
prerioasly  driven  off  by  thorough  drying. 
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numerous  weeds  which  grow  chiefly  around  dwellings,  and  follow  thtf 
footsteps  of  man  and  the  dcmiestic  animals,  flourish  only  in  a  soil 
abounding  in  nitrates  (their  ashes  containing  a  notable  quantity 
either  of  nitrate  of  potash  or  of  lime) ;  why  the  Vine  requires  alkaK 
line  manures,  to  replace  the  large  amount  of  tartrate  of  potash  whidi 
the  grapes  contain ;  and  why  Pines  and  Firs,  the  ashes  of  whidi 
contain  very  little  alkali,  will  thrive  in  thin  or  sterile  soils,  while  the 
Beech,  Maple,  Elm,  ^dg^  abounding  with  potash,  are  only  found  in 
strong  and  fertile  land. 

340.  Where  vegetation  is  undisturbed  by  man,  all  these  needfid 
earthy  materials,  which  are  drawn  from  the  soil  during  the  growth 
of  the  herbage  or  forest,  are  in  time  restored  to  it  by  its  decay, 
in  an  equally  soluble  form,  along  with  organic  matter  whidi  the 
vegetation  has  formed  from  the  air.  But  in  cultivation,  the  prod-* 
uce  is  carried  away,  and  with  it  the  materials  which  have  been 
slowly  yielded  by  the  soiL  ^  A  medium  crop  of  Wheat  takes  from 
one  acre  of  ground  about  12  pounds,  a  crop  of  Beans  about  20 
pounds,  and  a  crop  of  Beets  about  11  pounds,  of  phosphoric  add, 
besides  a  very  large  quantity  of  potash  and  soda.  It  is  obvious  that 
such  a  process  tends  continually  to  exhaust  arable  land  of  the 
mineral  substances  useful  to  vegetation  which  it  contains,  and  that  a 
time  must  come,  when,  without  supplies  of  such  mineral  matters,  the 

land  would  become  unproductive  from  their  abstraction. In 

the  neighborhood  of  large  and  populous  towns,  for  instance,  where 
the  interest  of  the  farmer  and  market-gardener  is  to  send  the  largest 
possible  quantity  of  produce  to  market,  consuming  the  least  possible 
quantity  on  the  spot,  the  want  of  saline  principles  in  the  soil  would 
very  soon  be  felt,  were  it  not  that  for  every  wagon-load  of  greens 
and  carrots,  fruit  and  potatoes,  com  and  straw,  that  finds  its  way 
into  the  city,  a  wagon-load  of  dung,  containing  each  and  every  one 
of  these  principles  locked  up  in  the  several  crops,  is  returned  to  the 
land,  and  proves  enough,  and  often  more  than  enough,  to  replace  all 
that  has  been  carried  away  from  it."  *  The  loss  must  either  be 
made  up  by  such  equivalent  return,  or  the  land  must  lie  fallow  from 

*  Boussingaalt,  EamomU  Rmrale :  from  the  Engl.  Trans.,  p.  493.  Fartfaer : 
"It  may  be  inferred  that,  in  the  most  frequent  caae,  namely,  that  of  arable 
lands  not  sufficiently  rich  to  do  without  manure,  there  can  be  no  continoons 
[independent]  cultivation  without  annexation  of  meadow ;  in  other  words,  one 
part  of  the  farm  must  yield  crops  without  consuming  manure,  so  that  this  may 
replace  the  alkaline  and  earthy  salu  which  are  constantly  withdrawn  by  mvu> 


Digitized  by 


Google 


XHEIB  EARTHT  CONSTItrEKTCU  189- 

tnne  to  time  until  these  soluble  substances  are  restored  by  further 
dismiegration  of  the  roateriak  of  the  soil :  or  meanwhile  the  more 
exhansting  crops  maj  be  alternated  vrith  those  that  take  least  from 
die  soil  and  most  from  the  air ;  or  with  one  which,  like  clover, 
ahboagfa  it  takes  up  77  pounds  of  alkali  per  acre,  may  be  consumed 
on  the  field,  so  as  to  restore  most  of  this  alkali  in  the  manure  for  the 
8Qcceeding  crop. 

341.  It  has  been  asserted  that  the  advantage  of  preceding  a 
wheat  crop  by  one  of  Leguminous  plants  (such  as  Pea^,  Clover, 
Lucerne,  Ac),  or  of  roots  or  tubers,  is  owing  to  the  fact,  that  these 
leave  the  phosphates,  ^cc.  nearly  untouched  for  the  wheat  which  is 
to  follow,  and  whidi  largely  abstracts  them.  The  results  of  Bous- 
singauh's  experiments  and  analyses  show  that  these  products  are 
far  from  having  the  deficiency  of  phosphates  which  was  alleged. 
''For  example,  beans  and  haricots  take  20  and  13.7  pounds  of 
phosphoric  add  from  every  acre  of  land ;  potatoes  and  beet-root 
take  11  and  12.8  pounds  of  that  acid,  exactly  what  is  found  in  a 
cnop  of  wheat*  Trefoil  is  equally  rich  in  phosphates  with  the 
sheaves  of  com  that  have  gone  before  it."*      His  further  re-*' 

oessire  hanrests  from  another  part.  Lands  enriched  by  rivers  alone  permit  of  a 
total  and  continaed  export  of  their  produce  without  exhaustion.  Such  are  the 
fields  fertilized  by  the  inundations  of  the  Nile ;  and  it  is  difficult  to  fonn  an  idea 
of  the  prodigious  quantities  of  phosphoric  acid,  magnesia,  and  potash,  which, 
ia  a  succession  of  ages,  have  passed  out  of  Egypt  with  her  incessant  exports  of 
com."— p.  503. 

*  Bonssingaolt,  /.  c,  p.  i97.  —  Subjoined  is  a  table,  from  the  same  work,  of 
lie  percentoffe  of  Mineral  Substances  taken  up  from  the  soil  bjf  various  plants  grown 
at  Bechelbronn* 
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searches  seem  to  show  that  these  crops  exhaost  the  soil  less  than 
the  cereal  grains^  in  part  at  least,  on  aeeount  of  the  large  quanti^ 
of  organic  matter,  rich  in  nitrogen,  which  diej  leave  to  he  incer* 
porated  with  the  soiL  The  theorj  of  rotation  in  crops,  ^Mmded  bf 
De  CandoUe  on  the  assumption  that  excretions  fixmi  the.  roots  of  * 
plant  accumulate  in  the  soil  until  in  time  they  become  iiyurioos 
to  that  crop,  but  furnish  appropriate  food  for  a  difierent  species, 
is  entirely  abandoned  as  an  explanation ;  and  even  the  fact  that 
such  excretions  are  fcmned,  at  least  to  any  considerable  extent,  ia 
not  made  out  That  they  could  accumulate  and  remun  in  the  soil 
without  undergoing  decomposition  is  apparently  impossible. 


Sect.  UL    Absdulatiok,  or  Veoetablb  Digestion,  and  rrs 

Results. 

842.  We  have  reached  the  condusion,  that  the  universal  food  of 
plants  is  rain-water,  which  has  absorbed  some  carbonic  acid  gas 
and  nitrogen  (partly  in  the  form  of  ammonia  or  of  other  compounds) 
from  the  air,  or  dissolved  them  from  the  remaias  of  former  vcgete* 
tion  in  the  soil,  whence  it  has  abo  taken  up  a  variable  (yet  more  or 
less  essential)  quantity  of  earthy  matter. 

343.  This  fluid,  imbibed  by  the  roots,  and  carried  upwards 
through  the  stem, .  receives  the  name  of  sc^  or  crude  sap  (79). 
Upon  its  introduction  into  the  plant,  this  is  at  once  mingled  with 
some  elaborated  sap  or  soluble  organized  matter  it  meets  with; 
thus  becoming  sweet  in  the  Maple,  &c,  and  acquiring  different 
sensible  properties  in  different  species.  This  latter  is  already  elab- 
orated food,  and  may  therefore  be  immediately  employed  in  vegeta- 
ble growth.  But  the  crude  sap  itself  is  merely  raw  material,  un<»^ 
ganized  or  mineral  matter,  as  yet  incapable  of  forming  a  part  of  the 
living  structure.  Its  conversion  into  organized  matter  constitutes 
the  process  of 

344.  Asslmilatioilt  or  what,  from  an  analogy  with  animal  life,  is 
usually  termed  Vegetable  Digeettan.  To  undergo  tliis  important 
change,  the  crude  sap  is  attracted  into  the  leaves,  or  other  green 
parts  of  the  plant,  which  constitute  the  apparatus  of  assimilaticm, 
where  it  is  exposed  to  the  light  of  the  sun,  under  which  influence 
alone  can  this  change  be  effected.  Under  the  influence  of  solar 
light,  the  fiibric  is  itself  constructed,  and  the  chbrophytt^  or  green 
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Hkatter  of  plants,  upoa  which,  or  in  connection  with  which,  the  light 
exerts  its  wonderful  action^  is  first  developed.  When  plants  are 
made  to  grow  in  insufficient  light,  as  when  potatoes  throw  out  shoots 
in  cellars,  this  green  matter  is  not  formed.  When  light  is  with* 
drawn,  it  is  soon  decomposed ;  as  we  see  when  Celerj  is  hlanched 
hj  heaping  the  soil  around  its  stems.  So^  also,  the  naturally  green- 
less  leaves  of  plants  parasitic  upon  the  roots  or  stems  of  other  species 
(152)  have  no  direct  power  of  assimilation,  but  feed  upon  and  grow 
at  the  expense  of  already  assimilated  matter.  But  all  green  parts, 
such  as  the  cellular  outer  hark  of  most  herbs,  act  upon  the  sap  in 
the  same  manner  as  leaves,  even  supplying  their  places  in  plants 
which  produce  few  or  no  leaves,  as  in  the  Cactus,  &c  Under  the 
influence  of  light,  an  essential  preliminary  step  in  vegetable  digestion 
is  accomplished,  namely,  the  concentration  of  the  crude  sap  by  the 
evaporation  or  exhalation  of  the  now  superfluous  water,  the  mechan- 
ism and  consequences  of  which  have  already  been  considered  (313). 

345.  We  have  now  to  consider  the  further  agency  of  light  in  vege- 
table digestion  itself,  namely,  its  action  in  the  leaf  upon  the  conoen- 
trated  si^.  Here  it  accomplishes  two  unparalleled  results,  which  es- 
sentially characterize  v^;etation,  and  upon  which  all  organized  exists 
ence  absolutely  depends  (1, 16).  These  are, —  1st  The  chemical 
decomposition  of  one  or  more  of  the  euhsteinces  in  the  sap  which 
contain  oxygen  ga$^  and  the  liberation  cfthie  oxygen  at  the  ordi' 
nary  temperature  of  the  air.  The  chemist  can  liberate  oxygen 
gas  fitHn  its  compounds  only  by  powerful  reagents,  or  by  great 
heat.  2d.  The  tramformation  of  this  mineral^  inorganic  food 
into  organic  matter j  ^-  the  organized  mbstanee  of  living  plants^ 
and  consequently  of  animals.  These  two  operations,  although 
separately  stated,  are  in  fact  but  different  aspects  of  one  great 
process.  We  contemplate  the  first,  when  we  consider  what  the 
plant  gives  back  to  the  air;  the  second,  when  we  inquire  what 
it  retains  as  the  materials  of  its  own  growth.  The  concentrated  sap 
is  decomposed ;  the  portion  not  required  in  the  growth  of  the  plant 
is  returned  to  the  air ;  and  the  remaining  elements  are  at  the  same 
time  rearranged,  so  as  to  form  peculiar  organic  products. 

346.  The  principal  material  given  back  to  the  air,  in  this  pro- 
cess, is  oxygen  gas,*  that  element  of  our  atmosphere  which  alone 


*  A  small  proportion  of  nitrogen  gas  is  likewise  almost  constantly  exhaled 
frgm  the  kavos ;  but  this  appears  to  come  fixun  the  nitrogen  which  the  water 
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riders  it  fit  for  the  breathing  and  life  of  animals.  That  the  foliafe 
of  plants  in  sunshine  is  continually  jrielding  oxygen  gas  to  the  sur- 
rounding air  has  been  familiarly  known  since  the  days  of  IngenhooM 
and  Priestley,  and  may  at  any  moment  be  verified  by  simple  experi- 
ment. The  readiest  way  is,  to  expose  a  few  freshly  gathered  leaves 
to  the  sunshine  in  a  glass  vessel  filled  with  water,  and  to  collect  the 
air-bubbles  which  presently  arise  while  the  light  falls  upon  them, 
but  which  cease  to  appear  when  placed  in  shadow.  This  air,  when 
examined,  proves  to  be  free  oxygen  gas.  In  nature,  difiused  day 
light  produces  this  effect ;  but  in  our  experiments,  direct  sunshine  is 
generally  necessary  to  show  it.  What  is  the  source  of  this  oxygen 
gas,  which  is  given  up  to  the  air  just  in  proportion  to  the  vigor  of 
assimilation  in  the  leafy  plant,  or,  in  other  words,  to  the  consumption 
of  crude  sap  ? 

847.  This  will  be  manifest  on  comparing  the  materials  with  the 
general  products  of  vegetation,  —  what  the  plant  takes  as  its  food, 
with  what  it  makes  of  it,  in  growth.  Suppose  the  plant  is  assimi- 
lating its  food  immediately  into  its  fabric,  >iz.  into  CeUuhse^  or  the 
substance  of  which  its  tissue  consists  (27).  This  matter,  when  in  a 
pure  state,  and  free  from  incrusting  materials,  has  a  perfectly  uni- 
form composition  in  all  plants.  It  is  composed  of  carbon,  hydrogeOf 
and  oxygen,  the  latter  two  existing  in  the  same  proportions  as  in 
water.*  It  may  therefore  be  said  to  consist  of  carbon  and  the  ele« 
ments  of  water.  These  materials  are  necessarily  furnished  by  the 
plant's  food.  The  mineral  food  of  the  plant,  from  which  its  fabric 
is  made  (329),  is  carbonic  add  and  wat^.  If  this  be  decomposed 
in  vegetation,  and  the  carbonic  add  give  up  its  oxygen,  carbon  and 
the  elements  of  water  remain,  —  the  very  composition  of  ctUvloH  or 
vegetable  tissue.  Doubtless,  then,  the  oxygen  which  is  rendered  to 
the  air  Jn  vegetation  comes  from  the  carbonic  add  which  the  plant 
took  from  the  air  (328). 

848.  This  view  may  be  confirmed  by  direct  experiment.    We 

imbibed  by  the  roots  had  absorbed  from  tlie  air  (326),  and  which  passes  off  nii- 
alterod  from  the  leaves  when  this  water  is  evaporated,  or  from  nitrogen  in  the 
air  which  the  rootlets  directly  absorb.  In  the  coarse  of  vegetation,  no  mora 
nitrogen  is  given  out  than  what  is  thus  taken  in,  and  probably  not  so  ninch. 
So  that  the  exhalation  of  nitrogen  may  be  left  out  of  the  general  view  of  the 
changes  which  are  brought  about  in  vegetation. 

*  Cellulose  is  chemically  composed  of  IS  equivalents  of  Carbon,  10  of  Hy- 
drogen, and  10  of  Oxygen,  viz.  Cts,  Hio>  Oio. 
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liave  seen  that  manj  plants  must,  and  all  may,  imbibe  the  whole  or 
a  part  of  their  food  directly  from  the  air  into  their  leaves  (830). 
All  leafy  plants  evidently  obtain  a  part  of  their  carbonic  acid  in  thb 
way.  It  is  accordingly  found,  that  when  a  current  of  carbonic  acid 
is  made  slowly  to  traverse  a  glass  globe  containmg  a  leafy  plant  ex* 
posed  to  full  sunshine,  some  carbonic  acid  disappears,  and  an  equal 
bolk  of  oxygen  gas  supplies  its  place.  Now,  since  carbonic  acid  gas 
contains  just  its  own  bulk  of  oxygen,  it  is  evident  that  what  has  thus 
been  decomposed  in  the  leaves  has  returned  all  its  oxygen  to  the 
air.  Plants  take  carbonic  acid  from  the  atmosphere,  therefore 
(directly  or  indirectly) ;  they  retain  its  carbon ;  they  give  back  its 
oxygen.* 

849.  But  cellulose,  being  the  final,  insoluble  product  of  vegetation 
appropriated  as  tissue,  can  hardly  be  directly  formed  in  the  first  in- 
stance. The  substances  from  which  it  must  originate,  and  which 
actually  abound  in  the  elaborated  sap,  are  Dextrine  or  Vegetable 
Mteiloffe  (79,  83),  Sugar  (80),  Ac.  The  first  of  these  is  probably 
directly  produced  |n  assimilation.  Its  chemical  composition  is  the 
same  as  that  of  pure  cellulose:  it  consists,  not  only  of  the  same 
three  elements,  but  of  the  same  elements  in  exactly  the  same  pro* 
portion.  Dextrine,  vegetable  mucilage,  &c  are  the  primary,  as  yet 
unappropriated  materials  of  vegetable  tissue,  or  unsolidified  cellu- 
lose, and  their  production  from  the  crude  sap  is  attended  with  the 
evolution  of  the  oxygen  which  was  contained  in  the  carbonic  acid 
•of  the  plant's  food,  as  already  stated.  Nor  would  the  result  in  any 
respect  be  altered  if  StarcH  were  directly  produced.  This  substance 
is  merely  dexUrine,  which,  instead  of  being  inunediately  appropriated 
in  growth,  is  condensed  into  solid  grains,  and  in  that  compact  and 

*  At  least,  the  resale  ts  at  i/  the  oxjgen  exhaled  were  all  thus  detached  from 
the  carbpn  of  the  carhonic  acid.  Jast  this  anioant  is  libenued,  and  the  fiicts 
obTfoiuIy  point  to  the  carbonic  acid  as  its  real  source.  Bat,  on  the  other  hand, 
it  appears  aniikely  that  a  sabstance  which  holds  oxygen  with  such  strong  affinity 
as  carbon  should  yield  the  whole  of  it  under  these  circumstances  :  and  water  is 
certainly  decomposed,  with  the  evolution  of  oxygon,  in  the  formation  of  a  class 
of  Tcgetable  products  soon  to  be  mentioned  ;  besides,  EdMrards  and  Colin  have 
•hown  that  water  is  directly  decomposed  during  germination.  Still,  as  no  one 
•apposes  that  the  residue  af^  the  liberation  of  oxygen  is  carbon  and  water, 
bot  only  the  three  elements  in  ^  proportions  which  would  constitute  them,  it 
ftmoants  to  nearly  the  same  thing  whether  we  say  that  the  oxygen  of  the  carbonic 
mad,  or  an  amount  of  oxygen  equivalent  to  that  of  the  carbonic  acid,  derived  ffortlg 
Jrom  it  and  partly  from  the  water,  is  liberated  m.  such  cases. 
17 
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temporarity  insoluble  ibnn  aocomnlated  as  the  ready  prepared  ma* 
terials  of  future  growth  (82).  Notwithstanding  the  difference  ia 
their  properties  and  chemical  reactions,  these  and  other  general 
ternary  products  (79)  are  strictly  isomeric ;  that  is,  they  consist  of 
the  same  elements,  comlnned  in  the  same  proportions ;  and  physi* 
ologically  they  are  merely  different  states  of  one  and  the  same  thing. 
Dextrine  is  the  most  soluble  state,  and  is  probably  that  originally 
formed  in  assimilation  in  the  foliage :  starch,  amyloid  (88),  ^cc  are 
temporarily  solidified  states ;  and  cellulose  is  the  ultimate  and  usu- 
ally permanent  insoluble  condition.  Accordingly,  whenever  the  ma- 
terials of  growth  are  supplied  from  accumulations  of  nourishment, 
as  especially  from  the  seed  in  germination  (123-125),  from  fleshy 
roots  (145),  rootstocks,  tubers,  &c.  (188-194),  the  starch  or  ito 
equivalent  is  dissolved  in  the  sap,  being  spontaneously  reconverted 
into  dextrine  and  sugar,  and  attracted  in  a  liquid  state  into  the 
growing  parts,  where,  transformed  into  cellulose,  it  becomes  a  por- 
tion of  the  permanent  vegetable  fabric 

8^.  If,  however,  we  suppose  sugar  to  be  a  direct  product  of  the 
assimilation  of  carbonic  add  and  water,  the  amount  of  oxygen  gas 
exhaled  will  be  just  the  same  as  before.  For  this  has  the  same 
elementary  composition  as  dextrine,  starch,  and  cellulose,  with  the 
addition  of  one  or  two  equivalents  of  water  according  to  the  kind.* 
And  when  formed  as  a  transformation  of  dextrine,  then  the  latter 
has  only  to  appropriate  some  water.  In  the  origination  of  all  these 
products,  therefore,  the  same  quantity  of  carbonic  add  is  consumed, 
and  all  its  oxygen  restored  to  the  air.f    It  is  more  and  more  evident, 

♦  The  formula  for  cane-ffngar  is  Cu,  Hn,  On ;  for  grape-sngar,  Cis,  Hij,  Oif. 

t  Since  all  these  neutmi  ternary  mAHancet  are  identical,  or  neariy  so,  in  de- 
mentarj  composition,  and  since,  with  the  same  amoant  of  carbon,  derived  from 
the  decomposition  of  carbonic  acid,  the  plant  can  form  them  all,  H  will  no  longer 
appear  sarprising  that  they  should  be  so  readily  convertible  into  each  other  m 
th0  living  plant,  and  evea  in  the  hands  of  the  chemist.  But  the  chcmUtiy  of 
oiganic  nature  exceeds  the  resources  of  science,  and  constantly  produces  tiaas- 
formations  which  the  chemist  m  his  laboratorj  is  unable  lo  cfltect  The  kttor 
can  change  starch  into  dextrine,  and  dextrine  into  sugar ;  but  he  cannot  revane 
the  process,  and  convert  sugar  into  dextrine,  or  dextrine  into  starch.  In  th» 
plant,  however,  aU  these  various  transformations  are  eontinnally  takmg  pUoi. 
Thus,  the  starch  deposited  in  the  seed  of  the  8ngar4mne,  Indian  Com,  *c  m 
changed  into  sugar  in  gemination  ;  and  the  sugar  which  fills  the  tissue  of  the 
•tern  at  the  time  of  flowering  is  impidly  carried  into  the  flowers,  where  a  portioa 
IS  transformed  into  starch  and  again  deposited  in  the  newly^brmcd  seeds.    And 
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Uierefore,  that,  bj  jost  so  much  as  plants  gMw,  thej  take  carbonle 
acid  from  the  air,  they  retain  its  carbon,  and  return  its  oxygen* 

351.  In  the  production  of  that  modification  of  cellulose  called 
Ligfdne  {42),  which  abounds  in  wood  (if  this  be  really  a  simple 
product,  and  not  a  mixture),  not  only  must  a  larger  amount  of  car* 
bonie  add  be  decomposed,  but  a  small  portion  of  water  also^  with 
the  liberation  of  its  oxygen.  For  the  con^xisition  attributed  to  it 
riiows  that  it  contains  less  oxygen  than  would  suffice  to  convert  its 
hydrogen  into  water.* 

852.  The  whole  class  of  fatty  substances,  indudmg  the  Oih^  Wax, 
CUorophyU  (84,  88, 92),  dbc.,  contain,  some  of  them  no  oxygen  at 
all  (such  as  caoutchouc  and  Pine-oil),  and  all  of  them  less  oxygen 
than  is  requisite  to  convert  their  hydrogen  into  water.  In  their 
direct  formation,  if  this  be  supposed,  not  only  all  the  oxygen  of  the 
carbonic  add  has  been  given  out,  but  also  a  portion  belonging  to  the 
water.  If  formed  by  a  further  deoxidation  of  neutral  ternary  pro* 
ducts,  the  same  result  is  attained  as  respects  the  liberation  of  oxy- 
gen gas,  but  by  two  or  more  steps  instead  of  one.  The  Renm^ 
doubtless,  are  not  direct  vegetable  products,  but  originate  fpom  the 
akemation  and  partial  oxidatiom  ^  the  essential  oihu  BaUamtf 
which  -exude  from  the  bark  of  certain  plants,  are  natural  solutions  of 
resins  in  their  essential  oils,  as  rosin,  or  Pine-x«sin,  in  the  oil  of  tur^ 
pentine. 

353.  An  opposite  class,  the  Vegdable  Acids  (86),  contain  more 
oxygen  than  is  necessary  for  the  conversion  of  their  hydrogen  into 
water,  but  less  than  the  amount  which  exists  ia  carbonic  acid  and 
water.  Indeed,  the  most  general  vegetable  acid,  the  oxalic  (which 
may  be  formed  artificially  by  the  action  of  nitric  add  on  starch)^ 
has  no  hydrogen,  except  in  the  atom  of  water  that  is  connected  with 
it.    Adds  are  sometimes  formed  in  the  leaves,  as  in  the  Sorrel,  the 


altbongh  the  chemist  is  unable  to  transfbrm  starch,  sugar,  kc.  Into  cellalose,  yet 
he  readily  efVects  the  opposite  change,  by  reconverting  woody  fibre,  &c.  (under 
tto  influence  of  sulphuric  acid)  into  dextrine  and  sugar.  The  plant  does  the 
Mnie  thing  in  the  ripening  of  fruits,  during  which  a  portion  of  tissue  is  often 
ffansfbrmed  into  sugar.  Starch-gnUns  and  cellulose  can  nerer  be  formed  arti- 
Mally,  because  they  are  not  merely  oiganizable  matter,  but  have  an  organic 
Itmcture. 

*  Aceofding  to  Payen,  lignine,  separated  as  much  as  possible  from  cellulose, 
eoomsts  of  Carbon  53.8,  Hydrogen  6.0,  and  Oxygen  4042  per  cent,  «  Qs,  Uai, 
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Orape-rine,  Sce^  but  ustially  in  the  fruit  If  produced  dlrectlj  from 
the  sap,  as  they  may  be  in  acid  leaves,  only  a  p^  of  the  oxygen  in 
the  carbonic  add  which  contributes  to  their  formation  would  be  ex- 
haled. But  if  formed  from  sugar,  or  any  other  of  the  general  pro- 
ducts of  the  proper  juice,  the  absorption  of  a  portion  of  oxygen  from 
the  air  would  be  required  for  the  conversion ;  and  this  absorption 
takes  place  (at  least  in  some  cases)  when  fruits  acquire  their  acidity. 
Even  their  formation  by  the  plant,  therefore,  is  attended  by  the  Vh- 
eration  of  oxygen  gas,  though  in  less  quantity  than  in  ordinary  vege- 
tation. 

854.  There  is  still  another  class  of  vegetable  products  of  uni- 
rersal  occurrence,  and,  although  comparatively  small  in  quantity  in 
plants,  yet  of  as  high  importance  as  those  which  constitute  their 
permanent  fabric;  namely,  the  neutral  quaternary  organic  com- 
pounds, of  which  nitrogen  is  a  constituent  (79).  These,  also^  are 
mutually  converdble  bodies,  related  to  each  other  as  dextrine  and 
sugar  are  to  starch  and  cellulose,  and  playing  the  same  part  in  the 
animal  economy  that  the  neutral  ternary  products  do  in  the  vege* 
table,  L  e.  forming  the  fabric  of  animals.  The  basis  or  Qrpe  of 
these  azotized  products  has  received  the  name  of  Pr^Uine  (27): 
hence  they  are  sometimes  collectively  called  proteine  compound 
In  their  production  from  the  plant's  food,  the  ammonia,  or  other 
azotized  matter  it  contains,  plays  an  essential  part ;  and  oxygen  gas 
is  restored  to  the  air  from  the  decomposition  of  aU  the  carbwuc  add 
concerned  and  of  a  part  of  the  water.* 

855.  In  living  cells  the  proteine  forms  the  protoplasm,  or  vitaOj 
active  lining,  which  may  be  said  to  give  origin  to  the  veg&bAk 
structure,  since  the  cellulose  is  deposited  under  its  influence  to 
Ibrm  the  permanent  walls  or  fabric  of  the  cells,  as  has  already  been 
ezpUuned  (26-86).    When  the  cells  have  completed  their  growth 

*  The  chemical  changes  haye  heen  tabulated  thus :  — 

The  materials :  From  which  are  formed  the  prodact : 
C.    H.  N.    O.  C.  H.    N.   0. 
74  of  Water,                    74  74  1  of  Proteine,      48  36      6    U 
94  of  Carbonic  add,  94  188  4  of  Cellulose,     48  40           40 
a  of  Carbonate  of  212  of  Oxygen  lib- 
ammonia,              2      2  6      4  crated,                                     212 


96    76      6  266  96    76      6  266 

Besides,  proteine  either  contains  or  is  natoralty  combined  with  a  small  qtun- 
ttt]r  of  fu/^ur  andpAoipAontf  (10). 
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and  tnuisfonnation,  the  protoplasm  abfuidons  them,  the  portion  which 
u  not  decomposed  being  constantly  attracted  onwards  into  forming 
and  growing  parts,  where  it  incites  new  devek^nnent  For  this 
acotized  matter  has  the  remarkable  peculiarity  of  inducing  chemical 
changes  in  other  organic  products,  especially  the  neutral  ternary 
bodies,  causing  one  kind  to  be  transformed  into  another,  or  even  the 
decompo6itk>n  of  a  part  into  alcohol,  acetic  add,  and  finally  into 
carbonic  add  and  water  (as  in  germination,  ^bc), — itself  remaining 
the  while  essentiaUy  unaltered. 

356.  The  constant  attraction  of  the  protoplasm  from  the  com- 
pleted into  the  forming  parts  of  the  plants  explains  how  it  is,  that 
00  small  a  percentage  of  azotized  matter  should  be  capable  of 
playing  such  an  all-important  part  in  the  vegetable  economy.  It 
does  hs  work  with  little  loss  of  material,  and  no  portion  of  it  is  fixed 
in  the  tissues.  At  least,  the  little  that  remains  in  did  parts  is  ci^[ia- 
ble  of  being  washed  out,  showing  that  it  forms  no  integral  part  of 
the  fabricr  This  explains  why  the  heartwood  of  trees  jrields  barely 
a  trace  of  nitrogen,  while  the  sap-wood  yields  an  appreciable  amount, 
and  the  cambium-layer  and  all  parts  of  recent  formation,  such  as  the 
buds,  young  shoots,  and  rootlets,  always  contain  a  notable  proportion 
of  it.  This  gives  the  reason,  also,  why  sap-wood  is  so  liable  to  decay 
(induced  by  the  proteine),  the  more  so  in  proportion  to  its  newness 
and  the  quantity  of  sap  it  contains,  while  the  completed  heart-wood- 
is  so  durable.  The  a^tized  matter  rapidly  diminishes  in  the  stem 
and  herbage  during  flowering,  while  it  accumulates  in  the  forming 
fruit,  and  is  finally  condensed  in  the  seeds  (which  have  a  larger  per- 
centage than  any  other  organ),  ready  to  subserve  the  same  office  in 
the  development  of  the  embryo  plant  it  contains.* 

357.  When  wheat-fiour,  kneaded  into  dough,  is  subjected  to  the 
prolonged  action  of  water,  the.  starch  is  washed  away,  and  a  tena- 
dous,  elastic  residue,  the  Gluten  of  the  flour,  which  gives  it  the 
capability  of  being  raised,  remains.  This  contains  nearly  all  the 
proteine  compounds  of  the  seed,  mixed  with  some  fatty  matters 
(which  may  be  removed  by  alcohol  and  ether)  and  with  a  little 
cellulose.  The  azotized  products  constitute  from  eight  to  thirty 
per  cent  of  the  weight  of  wheat-flour :  the  proportion  varies  greatly 

*  The  cotyledons  of  peas  and  beans,  according  to  Mr.  Rigg,  contain  from 
100  to  140  parts,  and  the  plumule  about  200  parts,  of  nitrogen,  to  1,000  parts  of 
carboo. 
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under  diiTerent  eSromnstanoeSy  but  it  is  always  largest  when  the  aoQ 
is  well  supplied  with  manures  that  abound  in  nitrogen.  The  gluten 
of  wheat  is  a  mixture  of  four  isomeric  quaternary  products,  ^stin- 
guished  by  chemists  under  the  names  Fihrin*  (identical  in  nature 
with  that  which  forms  the  muscles  of  animals),  JUntmen  (of  the  same 
nature  as  animal  albunnn),  Ckmine  (identical  with  the  curd  of  milk), 
and  GluHne.  In  beans  and  all  kinds  i^  pulse,  or  seeds  of  Legu- 
minous plants,  the  azotized  matter  principally  occtRB  in  the  form 
of  Legumxne^  whidi  is  nearly  intermediate  in  character  between  albo* 
men  and  caseine* 

d5S.  Omiparing  now  these  principal  products  of  assimilation  in 
plants  with  the  inorganic  materials  from  which  they  must  needs  be 
formed,  it  may  dearly  be  perceived  that  the  prindpal  result  of  vege> 
tation,  as  concerns  the  atmosphere,  from  which  plants  draw  their 
food,  consists  in  the  withdrawal  of  water,  of  a  little  ammonia,  and  of 
a  large  proportion  of  carbonic  add,  and  of  the  restoration  of  oxygen. 
The  latter  is  a  constant  efiect  of  vegetation  and  the  measure  of  its 
amount  As  respects  the  ^ftbric  of  the  plant,  the  sole  consequences 
of  its  formation  upon  the  air  are  the  withdrawal  of  a  small  quantity 
of  water,  and  of  a  large  amount  of  carbonic  acid  gas,  and  the  resto> 
ration  of  the  oxygen  of  the  latter.  In  the  formation  of  its  azotized 
materials,  a  portion  of  .ammonia  or  of  some  equivalent  compound  of 
nitrogen  is  also  withdrawn.  It  is  true,  indeed,  that  leaves  decom- 
pose carbonic  add  only  in  daylight ;  and  that  they  sometimes  give  a 
quantity  of  carbonic  add  to  the  air  in  the  night,  especially  when 
vegetation  languishes,  or  even  take  from  it  a  little  oxygen.  But 
this  does  not  affect  the  general  result,  nor  require  any  qualification 
of  the  general  statement.  The  work  simply  ceases  when  li^t  is 
withdrawn.  The  plant  is  then  merely  in  a  passive  state.  Yet, 
whenever  exhalation  from  the  leaves  slowly  oontinnes  in  darkness, 
the  carbonic  add  which  the  water  holds  necessarily  flies  off  with  it, 
during  the  interruption  to  vegetati<m,  into  the  atmosphere  from 
which  the  plant  took  it.  So  much  of  the  crude  sap,  or  raw  mate- 
rial, merely  runs  to  waste.  Furthermore,  it  must  be  remembered 
that  the  decomposition  of  carbonic  add  in  vegetation  is  in  direct  of>> 
position  to  ordinary  diemical  affinity ;  or,  in  other  words,  that  all 
organized  matter  is  in  a  state  corresponding  to  that  of  unstable 
equilibrium.  Consequently,  when  light  is  withdrawn,  ordinary 
chemical  forces  may  perhaps  to  some  extent  resume  their  sway,  the 
oxygen  of  the  air  combine  with  some  of  the  newly  deposited  carbon 
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to  reproduce  a  little  carbonic  acid,  and  thus  demolish  a  portion  of 
tke  rising  vegetable  structure  which  the  setting  sun  lefl,  as  it  were, 
in  an  unfinished  or  unstable  state.  This  is  what  aetuallj  takes  place 
IB  a  dead  plant  at  all  times,  and  whenever  an  herb  is  kept  in  pro* 
kmged  darkness ;  chemical  forces,  exerting  their  power  uncontrolled, 
dfflnolish  the  whole  vegetable  fabric,  beginnisg  with  the  dilorophyll 
(as  we  observe  in  blanching  Celery),  and  at  lengih  resolve  it  into 
the  carbonic  acid  and  water  from  which  it  was  formed.  But  this 
BMst  all  be  placed  to  the  account  of  decomiponng^  not  of  growing 
iregetation ;  and  even  if  it  were  a  universal  phenomenon,  which  is 
bj  no  means  the  case,*  would  not  affect  the  general  statement,  that, 
iy  so  flm^A  Of  plants  grow^  thej  decompose  carbonic  add  and  give 
its  oxygen  to  the  air ;  or,  in  other  words,  purify  the  air. 

359.  Every  six  pounds  of  carbon  in  existing  plants  have  withdrawn 
tweoty*two  pounds  of  carbonic  add  gas  from  the  atmosphere,  and 
replaced  it  with  sixteen  pounds  of  oxygen  gas,  occupying  the  same 
bulk.  To  form  some  general  conception  of  the  extent  of  the  infiu* 
enoe  of  vegetation  upon  the  air  we  breathe,  therefore,  we  should 
compute  the  quantity  of  carbon,  or  charcoal,  that  is  contained  in  the 


*  It  11  stated  that  many  ordinary  plants  ^hen  in  fall  health  and  Tigorons 
vegetation,  impart  »•  carbonic  acid  to  the  air  during  the  nyht.  —  See  Pepys,  in 
,  Ph'doaophical  Transactions,  for  1S43/ — Plants  deteriorate  the  air  onljm  their 
decay,  and  in  peculiar  processes,  distinct  from  vegetation  and  directly  the  re- 
verae  of  assimilation ;  as  in  germination,  for  iiistanc«>  when  the  proteine-in* 
docet  the  decomposition  of  a  portion  of  the  store  of  assimilated  matter,  in  order 
that  the  rest  may  be  bronghl  into  a  aenriceable  condition.  The  evolution  of 
carbonic  acid  by  plants,  therefore,  when  it  occurs,  is  no  part  of  v^etation.  And 
it  is  by  a  false  analogy  that  this  hss  which  plants  sustain  in  the  night  has  been 
digni6ed  with  the  name  of  vegeiaUe  respiraiion,  and  vegetables  said  to  vitiate  the 
aUmotphere,  jnst  like  animals,  by  their  respiration,  while  they  purify  it  hy  their 
digestfioa,  U,  indeed,  this  were  a  constant  function,  in  any  wajr  contributing  to 
maintain  the  life  and  health  of  the  plant,  it  might  be  properiy  enough  compared 
vrith  the  respiration  of  animals,  which  is  itself  a  decomposing  operation.  Bnt 
this  is  not  the  case.  And  herein  is  a  characteristic  difference  between  vegetables 
mad  animals :  the  tissues  of  the  latter  require  constant  interstitial  renewal  by 
DoHition,  new  particles  replacing  the  oM,  which  are  removed  and  restored  to  the 
mineial  world  by  respiration :  while  in  plants  there  is  no  such  renewal,  but  tho 
fabric,  once  completed,  remains  unchanged,  ceases  to  be  nourished,  and  conse* 
qnentljr  soon  loses  its  vitality ;  while  new  parts  are  continually  formed  farther 
on  to  take  their  places,  to  be  m  turn  abandoned.  Plants,  therefore,  having  no 
decomposition  and  recompofition  of  any  completed  fabric,  cannot  properly  bo 
said  to  have  the  fnoction  of  rcaipiradon. 
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forests  and  herbage  of  the  world,  aod  add  to  the  estimate  all  Ihat 
exists  in  the  soil,  as  Yegetable  mould,  peat,  and  m  other  forma ;  aU 
that  is  locked  up  in  the  vast  deposits  of  cool  (the  product  of  the 
vegetation  of  bygone  ages);  and,  finally,  all  that  pertains  to  the 
whole  existent  animal  kingdom ; — and  we  shall  have  the  aggregate 
'  amount  of  a  single,  though  the  largest,  element  which  veg^ation  has 
withdrawn  from  the  atmosphere.  By  multiplying  this  vast  amount 
of  carbon  by  sixteen,  and  dividing  it  by  six,  we  obtain  an  expressioa 
of  the  number  of  pounds  of  oxygen  gas  that  have  in  this  process 
been  supplied  to  the  atmosphere. 

360.  Rightly  to  understand  the  object  and  consequences  of  this 
immense  operation,  which  has  been  going  on  ever  since  vegetatkm 
began,  it  should  be  noted,  that,  so  far  as  we  know,  vi^etation  is 
the  only  operation  in  nature  which  gives  to  the  air  free  oxygen  gas, 
that  indispensable  requisite  to  animal  life.  There  is  no  other  pro- 
vision for  maintaining  the  supply.  The  prevailing  chemical  ten- 
dencies, on  the  contrary,  take  oxygen  from  the  air.  Few  of  the 
materials  of  the  earth's  crust  are  saturated  with  it ;  some  of  them 
still  absorb  a  portion  from  the  air  in  the  changes  they  undeiigo; 
and  none  of  them  give  it  back  in  the  free  state  in  which  they  took 
it,  —  in  a  state  to  support  animal  life, — by  any  known  natural 
process,  at  least  upon  any  considerable  scale.  Animals  all  con- 
sume oxygen  at  every  moment  of  their  life,  giving  to  the  air  carbonic 
acid  in  its  room ;  and  when  dead,  their  bodies  consume  a  further  pcMv 
tion  in  decomposition.  Decomposing  vegetable  matter  produces  the 
same  result  Its  carbon,  taking  oxygen  from  the  air,  is  likewise 
restored  in  the  form  of  carbonic  acid.  Combustion,  as  in  burning 
our  fuel,  amounts  to  precisely  the  same  thing ;  it  is  merely  rapid 
decay.  The  carbon  which  the  trees  of  the  forest  have  been  for 
centuries  gathering  from  the  air,  their  prostrate  decaying  tnmks 
may  almost  as  slowly  restore  to  the  air,  in  the  original  form  of 
carbonic  acid.  But  if  set  on  fire,  the  same  result  ■  may  be  accom- 
plished in  a  day.  All  these  causes  conspire  to  rob  the  air  of  its 
life-sustaining  olygen.  The  original  supply  is  indeed  so  vast,  that, 
were  there  no  natural  compensation,  centuries  upon  centuries  would 
elapse  before  the  amount  of  oxygen  could  be  so  much  reduced,  or 
that  of  carbonic  acid  increased,  as  to  affect  the  existence  of  the 
present  races  of  animals.  But  such  a  period  would  eventually 
arrive,  were  there  no  natural  provision  for  the  decomposition  of  the 
carbonic  acid  constantly  poured  into  the  air  from  these  various 
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aooToes,  and  for  the  restorfttkm  of  its  oxygen.  The  needful  com* 
pensadoD  is  found  in  the  vegetable  kingdom.  While  animals  con- 
some  the  oxygen  of  the  air,  and  give  bade  carbonic  acid  wUch  is 
injurious  to  their  life,  this  carbonic  acid  is  the  principal  element  of 
the  food  of  vegetables,  is  consumed  and  decomposed  by  them,  and 
its  oxygen  restored  for  the  use  of  animais.  Hence  the  perfect  adap- 
tation of  the  two  great  kingdoms  of  living  beings  to  each  other ;  — 
eadi  removing  from  the  atmosphere  what  would  be  noxious-  to  the 
other;  —  each  yielding  to  the  atmosphere  what  is  essential  to  the 
continued  existence  of  the  other.* 

861.  The  relations  of  simple  vegetation,  under  this  &<«pect,  to  the 
minaral  kingdmn  on  the  one  hand,  and  the  animal  kingdom  on  the 
other,  are  simply  set  fiirth  in  the  first  part  of  the  diagram  placed  at 
the  dose  of  this  chapter. 

362.  But,  besides  this  remotely  essential  ofAce  in  purifying  the 
air,  the  vegetable  kingdom  renders  to  the  animal  another  service 
so  immediate,  that  its  failure  for  a  single  year  would  nearly  depop- 
tthite  the  earth;  namely,  in  providing  the  necessary  food  for  the 
whole  animal  kingdom.  It  is  under  this  view  that  the  great  office 
ef  vegetation  in  the  general  economy  of  the  world  is  to  be  contem-^ 
plated.  Plants  are  the  sole  producers  of  nourishment.  They  alone 
transform  mineral,  diiefly  atmospheric  materials,  they  condense  air* 
into  organized  matter.  While  they  thus  produce  upon  a  vast  scale, 
they  eatuume.  or  destroy  comparatively  little;  and  this  never  in 
proper  vegetation,  but  in  some  special  processes  hereaAer  to  be  con- 
sidered (370).  Often  when  they  appear  to  consume  their  own  pro- 
ducts, they  only  transform  and  transfer  them,  as  when  the  starch 
of  the  potato  is  converted  into  new  shoots  and  foliage. 

363.  Animals  consume  what  vegetables  produce.  They  them- 
selves produce  nothing  directly  from  the  mineral  world.  The 
herbivorous  animals  take  from  vegetables  the  organized  matter 
which  they  have  produced;  —  a  part  of  it  they  consume,  and  in 
respiration  restore  the  materials  to  the  atmosphere,  from  which 

*  It  is  plain,  howeTer,  that,  whUe  the  animal  king^m  la  entirelj  dependent 
on  the  vegetable^  the  latter  is  independent  of  the  ibrmer,  and  might  hare 
existed  alone.  The  decaying  races  of  phints,  giving  back  their  carbon  to  the 
air  and  to  the  soil  by  decay,  would  furnish  food  for  their  successors.  And  since 
all  the  carbonic  acid  which  animals  render  to  the  air  in  respiration  they  have 
derived  from  their  vegetable  food,  this  wonld  in  time  have  found  its  way  back  to 
the  air,  for  the  use  of  new  generations  of  plants,  without  the  intervention  of 
animals.    At  most,  they  merely  expedite  its  return. 
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pknts  deriyed  them,  in  the  very  form  in  which  they  were  taken, 
namely,  as  carbonic  acid  and  water.  The  portion  they  accomodate 
in  their  tissues  constitutes  the  food  of  camivoroos  animals ;  who 
consume  and  return  to  the  air  the  greater  part  during  life,  and  the 
remainder  in  decay  afier  death.  The  atmosphere,  therefore,  out  of 
which  plants  create  nourishment,  and  to  which  animals  as  they  eoik- 
8ume  return  it,  forms  the  necessaiy  link  between  the  animal  and 
vegetable  kingdoms,  «nd  completes  the  great  cycle  of  organic  exist- 
ence. Organized  matter  passes  through  various  stages  in  v^e- 
tables,  through  others  in  the  herbivorous  animals,  and  undergoes  its 
final  transformations  in  the  carnivorous  animals.  Portions  are  con- 
sumed at  every  stage,  and  restored  to  the  mineral  kingdom,  to  which 
the  whole,  having  accomplished  its  revolution,  finally  returns. 

d64.  Moreover,  plants  not  only  furnish  all  the  materials  of  the 
animal  fabric,  but  furnish  each  principal  constituent  ready  formed, 
so  that  the  animal  has  only  to  appropriate  it.  The  food  of  animab 
is  of  two  kinds ;  —  1.  that  which  serves  to  support  respiration  and 
maintain  the  animal  heat;  2.  that  which  is  capable  of  forming  a 
portion  of  the  animal  fiibric,  of  its  fiesh  and  bones.  The  ternary 
vegetable  products  furnish  the  first,  in  the  form  of  sugar,  vegetable 
jelly,  starch,  oil,  ^c,  and  even  cellulose ;  substances  which,  contain- 
ing no  nitrogen,  cannot  form  an  integral  part  of  the  animal  frame, 
but,  conveyed  into  the  blood,  are  decomposed  in  respiration;  the 
carbon  and  the  excess  of  hydn^n  combining  with  the  oxygen  of 
the  air,  to  which  they  are  restored  in  the  form  of  carbonic  acid  and 
water.  Any  portion  not  required  by  the  immediate  demands  of  res- 
piration is  stored  in  the  tissues  in  the  form  of  fkt,  (which  the  animal 
may  either  accumulate  directly  from  the  oily  and  waxy  matters  in 
its  vegetable  food,  or  produce  by  an  alteration  of  the  starch  and 
sugar,)  as  a  provision  for  future  use :  a  deficiency  of  such  materials 
subjects  the  tissues  themselves,  or  the  proper  supporting  food,  to  im^ 
mediate  decomposition  in  respiration.  The  quaternary  or  azotized 
products  furnish  the  proper  materials  of  the  animal  frame,  the 
fibrine,  caseine,  albumen,  &c  being  directly  appropriated  fix>m  the 
vegetable  food  to  form  the  blood,  muscles,  &c ;  while  a  slight  trans- 
formation of  them  gives  origin  to  gelatiney  of  which  the  sinews,  carti- 
lages, and  the  organic  part  of  the  bones,  consist.  The  earthy  por- 
tion of  the  bones,  the  iron  in  the  blood,  and  the  saline  ingredients 
of  the  animal  body,  are  drawn  from  the  earthy  constituents  (336)  of 
the  plants  upon  which  the  animal  feeds.     The  animal  merely  ap» 
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propriates  and  accumulates  these  already  organizable  materials, 
changing  them,  it  may  be,  little  by  little,  as  he  destroys  them,  but 
rendering  them  all  back  (those  of  the  first  class  through  the  lungs, 
of  the  second  through  the  kidneys)  finally  to  the  earth  and  air,  from 
which,  and  in  the  condition  in  which,  the  vegetable  took  them. 

865.  The  general  relations  of  vegetation  to  the  mineral  and  ani* 
mal  kingdoms  are  exhibited  in  the  subjoined  diagram. 
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CHAPTER    VII. 

OF  FLOWEBINO  JLKD  ITS  CONSEQUENCES. 

866.  Plants  have  thus  far  been  ccmndered  onlj  as  respeda 
their  Organs  of  Vegetationy  —  those  which  essenUallj  constitate 
the  vegetable  being,  by  which  it  grows,  deriving  its  support  fixxa 
the  suiTounding  air  and  soil,  and  converting  these  inorganic  mate- 
rials into  its  own  organized  substance.  As  every  additional  supply 
of  nourishment  furnishes  materials  for  the  development  of  new 
branches,  roots,  and  leaves,  thus  multiplying  both  those  organs  which 
receive  food  and  those  which  assimilate  it,  it  would  seem  that,  apart 
from  accidents,  the  increase  and  extension  of  plants  would  be  limited 
only  by  the  failure  of  an  adequate  supply  of  nourishment  After  a 
certain  period,  however,  varying  in  different  species,  but  nearly  con- 
stant in  each,  a  change  ensues,  which  controls  this  otherwise  indefi- 
nite extent  of  the  branches.  A  portion  of  the  buds,  instead  of  ekm- 
gating  into  branches,  are  developed  in  the  form  of  Flo  webs  ;  and 
nourishment  which  would  otherwise  contribute  to  the  g^ieral  in- 
crease of  the  plant,  is  devoted  to  their  production,  and  to  the  matu- 
ration of  the^^t^  and  seeds, 

367.  Flowering  ai  ElhaoitiTe  Process.  Plants  begin  to  bear  flowers 
at  a  nearly  determinate  period  for  each  species ;  which  is  dependent 
partly  upon  constitutional  causes,  and  partly  upon  the  requisite  sup- 
ply of  nutritive  matter  in  their  system.  For,  since  the  flower  and 
fruit  draw  largely  upon  the  powers  and  nourishment  of  the  plant, 
while  they  jrield  nothing  in  return,  fructification  is  an  exhaustive 
process,  and  a  due  accumulation  of  food  is  requisite  to  sustain  it.* 

*  When  the  branch  of  a  fruit-tree,  which  is  sterile  or  does  not  perfect  its  blos- 
soms, is  ringed  or  girdled  (by  the  removal  of  a  narrow  ring  of  bark),  the  elab- 
orated juices,  being  arrested  in  their  downward  cour^,  are  accumulated  in  dM 
branch,  which  is  thus  enabled  to  produce  fruit  abundantly ;  while  the  shoots  that 
appear  below  the  ring,  being  fed  by  the  much  weaker  aseending  sap,  do  not 
blossom,  but  push  forth  into  leafy  branches.  So  the  flowers  of  most  trees  and 
shrubs  that  bear  large  or  fleshy  fruit  are  produced  from  lateral  buds,  resting 
directly  upon  the  wood  of  the  previous  year,  in  which  a  quantity  of  nutritive 
matter  b  deposited.  So,  also,  a  seedling  shoot,  which  would  not  flower  for 
several  years  if  left  to  itself,  blossoms  the  next  season  when  inserted  9M  a  grsfl 
into  an  older  trunk,  from  whose  accumulated  stock  it  draws. 
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•Annuals  flower  in  a  few  weeks  or  months  after  they  spring  from  the 
seed,  when  they  hare  little  nourishment  stored  up  in  their  tissue ; 
and  their  lives  are  destroyed  hy  the  process  (144) :  biennials  flower 
after  a  longer  period,  rapidly  exhausUng  the  nourishment  accumu- 
lated in  the  root  daring  the  preyious  season,  and  then  perishing 
(145) ;  while  shrubs  and  trees  do  not  commence  flowering  until 
they  are  suflieiently  established  to  endure  it.  The  exhaustion  con- 
sequent upon  flowering,  howerer,  is  often  exhibited  in  fruit-trees, 
which,  after  prodoctng  an  exoessiTO  crop  (especially  of  late  fruits, 
such  as  apples),  sometimes  ftul  to  bear  the  succeeding  year.  When 
the  crop  of  one  year  ftnls,  the  nourishment  which  it  would  have  ap- 
propriated accumulates,  and  the  tree  may  bear  more  abundantly  the 
following  season,  and  so  on  alternately  from  year  to  year. 

868.  The  actual  consumption  of  nourishment  in  flowering  may 
be  shown  in  a  variety  of  ways ;  as  by  the  rapid  disappearance  of 
^  &rinaeeoas  or  saccharine  store  in  the  roots  of  the  Carrot,  Beet, 
Ac  when  they  begm  to  flower,  leaving  them  light,  dry,  and  empty ; 
and  by  the  rapid  diminution  of  the  sugar  in  the  stalks  of  the  Sugar- 
cane and  of  Maize  at  the  same  period.  The  stalks  are  therefore 
eat  for  making  sugar  just  before  the  flowers  expand,  when  they 
contain  the  greatest  amount  of  saccharine  matter. 

869.  The  consequences  of  this  exhaustion  upon  the  duration  of 
plants  are  further  illustrated  by  the  facility  with  which  annuals  may 
be  changed  into  biennials,  or  their  Hfe  prolonged  indefinitely  by 
preventing  their  flowering ;  while  they  perish  whenever  they  bear 
flowers  and  seed,  whether  during  the  first  or  any  succeeding  year. 
Thus,  a  common  annual  Larkspur  has  given  rise  to  a  double-flowered 
tariety  in  the  gaidens,  which  bears  no  seed,  and  has  therefore  be- 
come a  perenniaL  Cabbage-stumps,  which  are  planted  for  seed,  may 
be  made  to  bear  heads  the  second  year  by  destroying  the  flower- 
shoots  as  they  arise ;  and  the  process  may  be  continued  from  year  to 
year,  thus  converting  a  oiennial  into  a  kind  of  perennial  plant  The 
effect  of  flowering  upon  the  longevity  of  the  individual  is  strikingly 
shown  by  the  Agave,  or  Century-plant, — so  called  because  it  flow 
era  in  our  conservatories  only  after  the  lapse  of  a  hundred,  or  at 
least  a  great  number  of  years ;  although,  in  its  native  sultry  climate, 
it  generally  flowers  when  five  or  six  years  old.  But  whenever  this 
occurs,  the  sweet  juice  with  which  it  is  filled  at  the  time  (which  by 
fennentation  ftmns  pulqusj  the  inebriating  drink  of  the  Mexicans)  is 
consumed  at  a  rate  answering  to  the  astonishing  rapidity  with  whieh 
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its  huge  flower-stalk  shoots  forth  (24),  and  the  whole  plant  inevita- 
blj  perishes  when  the  seeds  have  ripened.  So,  also^  the  Corjpha, 
or  Talipot-tree,  a  magnificent  Oriental  Palm,  which  lives  to  a  great 
age  and  attains  an  imposing  altitude  (bearing  a  crown  of  leaTes, 
each  blade  of  which  is  often  thirty  feet  in  circumference),  flowers 
only  once ;  but  it  then  bears  an  enormous  number  of  blossoms,  suc- 
ceeded by  a  crop  of  nnts  sufficient  to  supply  a  large  district  with 
seed ;  and  the  tree  perishes  from  the  exhaustion. 

370.  Flowering  and  fruiting,  then,  draw  largely  upon  the  plant's 
resources,  while  they  give  back  nothing  in  return.  In  these  opera- 
tions, as  also  in  germination,  vegetables  act  as  true  consumers  (like 
animals,  363),  decomposing  their  own  products,  and  giving  back 
carbonic  acid  and  water  to  the  air,  instead  of  taking  these  materials 
from  the  air.  It  is  in  flowering  that  they  actuaUy  consume  most. 
In  fruiting,  although  a  large  quantity  of  nourishment  is  taken  from 
the  plants,  tliis  is  mostly  accumulated  in  the  fruit  and  seed,  in  a  con- 
centrated form,  for  the  future  use  of  the  new  individual  in  the  seed* 

371.  The  real  consumption  of  nourishment  by  the  flower  is  shown 
by  the  action  of  flowers  upon  the  air,  so  diff*erent  from  that  of  leaves. 
While  the  foliage  withdraws  carbonic  add  fit>m  the  air,  and  re- 
stores oxygen  (346,  358),  flowers  take  a  small  portion  of  oxygen 
from  the  air,  and  give  bade  carbonic  add.  While  leaves,  therefore, 
purify  the  air  we  breathe,  flowers  <!ontaminate  it;  though,  of  course, 
only  to  a  degree  which  is  relatively  and  absolutely  insignificant 
This  process  is  necessarily  attended  by  the 

372.  Evolotitl  af  HeiL  When  carbon  is  consumed  as  fnel,  and 
by  the  oxygen  of  the  air  converted  into  carbonic  add,  an  amount 
of  heat  is  evolved  directly  proportionate  to  the  quantity  of  carixm 
consumed,  or  of  carbonic  add  produced.  Precisely  the  same 
amount  is  more  slowly  generated  during  the  gradual  decomposition 
of  the  same  quantity  of  vegetable  matter  by  decay,  —  a  heat  which 
is  employed  by  the  gardener  when  he  makes  hot-beds  of  tan,  decay- 
ing leaves,  and  manure, — or  by  the  breathing  of  animals,  which 
maintains  their  elevated  temperature  (364).  The  conversion  of  a 
given  amount  of  carbon  and  hydrogen  into  carbonic  acid  and  water, 
under  whatever  drcumstances  it  may  take  place,  and  whether  slowlj 
or  rapidly,  generates  in  all  cases  the  very  same  amount  of  hett 
Now,  since  flowers  consume  carbon  and  produce  carbonic  add,  actinj^ 
in  this  respect  like  animals,  they  ought  to  evolve  heat  in  proportioB 
to  that  consumption.     This,  in  fact,  they  da     The  ev<4uUon  of  heat 
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in  blossoming  vms  first  observed  by  Lainarcky  about  seventy  years 
m^f  io  the  European  Arum,  which,  just  em  the  flowers  open^  ^  grows 
hot,  as  if  it  were  about  to  bunu**  It  was  afterwards  shown  by  Saus- 
sore  in  a  number  of  flowers,  such  as  those  of  the  Bignonia,  Gourd, 
and  Tuberose,  and  the  heat  was  shown  to  be  in  direct  proportion  to 
the  consumption  of  the  oxygen  of  the  air,  or,  in  other  words,  of  the 
taubon  of  the  plant.  The  increase  of  temperature,  in  these  cases, 
was  measured  by  common  instruments.  But  now  that  thermo-elec- 
tric apparatus  aflbrds  the  means  of  measuring  variations  inappre- 
ciable by  the  most  delicate  thermometer,  the  heat  generated  by  an 
ordinary  cluster  of  blossoms  may  be  detected.  The  phenomenon  is 
most  striking  in  the  case  of  some  large  tropical  plants  of  the  Arum 
family,  where  an  immense  number  of  blossoms  are  crowded  together 
and  muffled  by  a  hooded  leaf,  or  spathe  (390),  which  confines  and  rever- 
berates the  heat  In  some  of  these,  the  temperature  rises  at  times 
to  twenty  or  even  ^dj  degrees  (Fahr^iheit)  above  that  of  the  sur- 
rounding air.  This  increase  of  temperature  occurs  daily,  from  the 
time  the  flowers  open  until  they  fade,  but  is  most  striking  during  the 
shedding  of  the  pollen.  At  night,  the  temperature  falb  nearly  to 
that  of  the  surrounding  air ;  but  in  the  course  of  the  morning  the 
heat  comes  on,  as  it  wero  like  a  paroxysm  of/ever^  attaining  the 
maximum,  day  after  day,  very  nearly  at  the  same  houi*  of  the  after- 
noon, and  gradually  declining  towards  evening.  In  ordinary  cases, 
the  heat  of  flowering  is  more  than  counterbalanced  by  the  vaporiia- 
tion  of  the  sap  and  the  absorption  of  solar  heat  by  the  foliage ;  so 
that  the  actual  temperature  of  a  leafy  plant  in  summer  is  lower  than 
that  of  the  atmosphere. 

373.  We  have  remarked  that  the  principal  consumptum  takes 
pkoe  in  the  flower ;  and  that  a  store  is  laid  up  in  the  fruit  and  seed. 
But  much  even  of  this  store  is  consumed  when  the  seed  germinates ; 
and  in  germination,  as  is  seen  in  the  malting  of  barley,  a  largo 
amount  of  organic  matter  is  decomposed  into  carbonic  acid  and 
water,  and  a  proportionate  quantity  of  heat  is  evolved.  By  a  not 
very  violent  metaphor  it  may  be  said,  therefore,  that  the  fabled  Phoe- 
nix is  realized  in  the  Century-plant  (369),  which,  after  living  a  hun- 
dred years,  consumes  itself  in  producing  and  giving  life  to  its  off- 
spring, who  literally  rise  from  its  ashes. 

374.  PltnU  need  a  ScaM  of  Kett*  When  pUmU  are  in  luxuriant 
growth,  rapidly  pushing  forth  leafy  branches,  they  are  not  apt  to 
1HX)daee  flower-buds.    Our  fruit-trees,  in  very  moist  seasons,  or 
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when  cuHiTated  in  too  rich  a  Boil,  often  grow  luxurisntly,  bat  do  not 
hbssonu  The  same  thing  is  observed  when  oar  Northern  frnit-tiees 
are  transported  into  tnq>ical  climates.  On  the  other  hand,  whatever 
checks  this  continuous  growth,  without  affecting  the  health  of  the 
individual,  causes  blossoms  to  appear  earlier  and  more  abundantly 
than  they  otherwise  would.  It  is  for  this  reason  that  transpbmted 
fruit-trees  incline  to  blossom  the  first  season  after  their  removal, 
though  they  may  not  do  so  again  for  several  years.  A  state  of  com^ 
parative  rest  seems  needful  to  the  transformation  by  whidi  flowers 
are  formed.  It  is  in  autumn,  or  at  least  after  the  vigorous  vegeta- 
tion of  the  season  is  over,  that  our  trees  and  shrubs,  and  most  peren- 
nial herbs,  form  the  flower-buds  of  the  ensuing  year. 

875.  The  requisite  annual  season  of  repose,  which  in  temperate 
climates  is  attained  by  the  lowering  of  the  temperature  in  antnmn  and 
winter,  is  scarcely  less  marked  in  many  tropical  countries,  where 
winter  is  unknown.  But  the  result  is  there  brought  about,  not  by 
cold,  but  by  heat  and  dryness.  The  Cape  of  Good  Hope,  the 
Canary  Islands,  and  the  southern  and  interior  parts  of  California, 
may  be  taken  as  illustrations.  In  the  Canaries,  the  growing  season 
is  from  November  to  March,— -the  winter  of  the  northern  hemi- 
sphere ;  —  their  winter  also,  as  it  is  the  coolest  season,  the  mean 
temperature  being  66^  Fahr.  But  the  rains  fiill  regularly,  and 
vegetation  is  active ;  while  in  summer,  from  April  to  October,  it 
very  seldom  rains,  and  the  mean  temperature  is  as  high  as  78^. 
During  this  dry  season,  when  the  scorching  sun  reduces  the  soil 
nearly  to  the  dryness  and  consistence  of  brick,  ordinary  vegetation 
almost  completely  disappears ;  and  the  Fig-Marigolds,  Euphorbias, 
and  other  succulent  plants,  which,  fitted  to  this  condition  of  things, 
alone  remain  green,  not  unaptly  represent  the  Firs  and  other  ever- 
greens of  high  northern  latitudes.  The  dry  heat  there  brings  about 
the  same  state  of  vegetable  r^xise  as  cold  with  us.  The  roots  and 
bulbs  then  lie  dormant  beneath  the  sunburnt  crust,  just  as  they  do 
in  our  frozen  smL  When  the  rainy  season  sets  in,  and  the  crust  is 
softened  by  moisture,  they  are  excited  into  growth  under  a  dimin- 
ished temperature,  just  as  with  us  by  heat ;  and  the  ready-formed 
flower-buds  are  suddenly  developed,  clothing  at  once  the  arid 
waste  with  a  profusion  of  blossoms  (194).  The  vegetation  of  sudi 
regions  consists  mainly  of  succulents,  which  are  able  to  live  through 
the  drought  and  exposure ;  of  bulbous  plants,  which  run  through 
their  course  before  the  drought  becomes  severe,  then  lose  their 
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Mtage,  while  the  bad  remains  quiescent^  safelj  protected  under 
gronnd  until  the  rainj  season  returns ;  and  of  annuals,  which  make 
their  whole  growth  in  a  few  weeks,  and  ripen  their  seeds,  in  whieh 
Hate  the  species  securely  passes  the  arid  season. 

376.  These  considerations  elucidate  the  process  €^ forcing  ]^ants, 
and  other  operations  of  horticulture,  by  which  we  are  enabled  to 
obtain  in  winter  the  flowers  and  fruits  of  summer.  The  gardener 
aoeompliahes  these  results  principally  by  skilful  aheratioas  of  the 
natural  period  of  repose.  He  gives  the  plant  an  artificial  period 
of  rest  by  dr3mesB  at  the  season  when  he  cannot  command  cold, 
and  then,  by  the  ii^uence  of  heat,  light,  and  mcMsture,  which  he  can 
always  command,  causes  it  to  grow  at  a  season  when  it  would  have 
been  quiescent  Thus  he  retards  or  advances,  at  will,  the  periods 
of  flowering  and  of  rest,  or  in  time  completely  inverts  them. 


CHAPTER    VIII. 

OF  THB  INFLOBESCENCE. 

B77.  InfloRlceBee  is  the  term  used  to  designate  the  arrangement 
of  flowers  upon  the  stem  or  branch.  The  flower,  like  the  brandi, 
is  evolved  from  a  bud.  Flower-buds  and  leaf-buds  are  often  so 
similar  in  appearance,  that  it  is  diflkult  to  distinguish  one  from  the 
other  before  their  expansion.  The  most  conspicuous  parts  of  the 
fkmer  are  so  obviously  analogous  to  the  leaves  of  a  branch,  that 
they  are  called  in  common  language  the  leaves  of  the  flower.  Such 
a  flower  as  the  double  Gamellia  i^^>ear8  as  if  composed  of  a  rosette 
of  white  or  colored  leaves,  resembling,  except  in  their  color  and 
texture,  the  dusters  of  leaves  which  are  crowded  on  the  od&ets  of 
sudi  j^ants  as  the  Housdeek  (Fig.' 207).  We  therefore  naturally 
regard  a  flower-bud  as  analogous  to  a  leaf4>ud ;  and  a  flower,  con- 
sequently, as  analogous  to  a  short  leafy  branch. 

378.  This  analogy  is  confirmed  by  the  positkm  which  flowers  oc- 
cupy. They  appear  at  the  same  situations  as  ordinary  buds,  and  at 
no  other ;  that  is,  they  occupy  the  extremity  of  the  stem  or  brandi^ 
and  the  axil  of  the  leaves  (lu9,  165).  Consequently,  the  arrange- 
18  • 
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ment  of  the  leaves  governs  the  whole  arrangement  of  the  blossom^ 
as  well  as  that  of  the  branches.  The  almost  endless  variety  of 
modes  in  which  flowers  are  clustered  upon  the  stem,  many  of  them 
exhibiting  the  most  graceful  of  natural  formsi  all  implicitly  follow  the 
general  law  which  has  controlled  the  whole  development  of  the  vege- 
table from  the  banning.  We  have,  throughout,  merely  buds  termi- 
nating the  stem  and  brandies,  and  buds  from  the  axil  of  the  leaves. 

379.  The  simplest  kind  of  inflorescence  is,  of  course,  that  of  a 

_  tolitary  flower,  —  a  sin- 
gle flower-stalk  bearing 
a  single  flower;   as  in 
Fig.  306  and  Fig.  327. 
I     The  flower  is  solitary  in 
both  these  instances ;  but 
—                                   in  the  latter  case  it  oc- 
cupies the  summit  of  the  stem,  that  is,  it  stands  in  the  place  of 
a  terminal  bud ;  in  the  former  it  arises  from  the  axil  of  a  leaf,  or 
represents  an  axillary  bud.    These  two  cases  exhibit,  in  their  great- 
est simplicity,  the  two  plans  of  inflorescence,  to  one  or  the  other  of 
which  all  flower-dusters  bdong. 

380.  We  begin  with  the  second  of  these  plans ;  in  which  the 
flowers  all  spring  from  axillary  buds ;  while  the  terminal  bud,  de- 
veloping as  an  ordinary  branch,  continues  the  stem  or  axis  indefi- 
nitely. For  the  stem  in  such  case  may  continue  to  elongate,  and 
produce  a  flower  in  the  axil  of  every  leaf,  until  its  powers  are  ex- 
hausted (Fig.  807).    This  gives  rise,  therefore,  to  what  is  called 

381.  Indrfinite  or  IndetermlBate  InflomeeBce.    The  primary  axis  is 

here  never  terminated  by  a  flower ;  but  the  secondary  axes  (from 
axillary  buds)  are  thus  terminated.  The  various  forms  of  indefi- 
nite inflorescence  which  in  descriptive  botany  are  distinguished  by 
spedal  names,  as  might  be  expected,  run  into  one  another  thit)ugh 
intermediate  gradations.  In  nature  they  are  not  so  absolutely  fixed 
as  in  our  written  definitions ;  and  whether  this  or  that  name  should 
be  used  in  a  particular  case  is  oAen  a  matter  of  fancy.  The  sub- 
joined account  of  the  principal  kinds  will  at  the  same  time  bring  to 
view  the  connection  between  them. 

382.  The  prindpal  kinds  of  indefinite  inflorescence  which  have 
received  distinctive  names  are  the  Haceme,  the  Corymhj  the  Umhd, 
the  Spike^  the  Head^  the  Spadix^  the  Catkin^  and  the  Panicle. 

(no.  806.    ▲  lloirtriBg  branch  of  Moocjwort,  LyshnachU  nunuuoUite. 
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S8d.  Before  illustrating  these,  one  or  two  terms,  of  comm<Hi  oo- 
currence,  may  be  defined.  A  flower  which  has  no  stalk  to  support 
it,  but  which  sits  directlj  on  the  stem  or  axis  it  proceeds  from,  is 
said  to  be  sessile.  If  raised  on  a  «talk,  this  is  called  its  Fbdckolb. 
If  the  whole  flower-duster  is  raised  on  a  stalk,  this 
keeps  the  name  vof  peduncle,  or  common  peduncle  (Fig. 
307, /i)  ;  and  the  stalk  of  each  particular  flower,  if  it 
have  aiij,  takes  the  name  of  Pedicel  or  partud 
peduncle  {/>*).  The  portion  of  the  general  stalk  along 
which  flowers  are  disposed  is  called  the  €uns  of  in- 
florescence, or,  when  covered  with  sessile  flowers,  the 
rhachis  (backbone),  and  sometimes  (as  when  thick 
and  covered  with  crowded  flowers)  the  receptacle. 
The  leaves  of  a  flower-cluster  generally  are  termed 
Bbacts.  But  when  we  wish  particularly  to  distin- 
guish their  sorts,  those  on  the  peduncle,  or  main  axis, 
and  which  have  a  flower  in  their  axil,  take  the  name 
k£ Bracts  (Fig.  307,  h)  ;  and  those  on  the  pedicels  or 
partial  flower-stalks,  if  jany,  that  of  Beactlets  or 
Bracteoles  (hf)^  The  "bracts  are  often  reduced  to 
a  minute  size,  so  as  to  escape  ordinary  notice :  they 
very  frequently  fall  off  when  the  flower-bud  in  Iheir 
axil  expands, or  even  earlier;  and  sometimes, «s  in 
the  greater  part  of  the  Mustard  family,  they  altogether  ^ 

£ul  to  appear. 

384.  A  Raceme  (Fig.  307,  308,  315)  is  that  form  of  flower^uster 
in  which  the  flowers,  each  on  their  own  footstalk  or  pedicel,  are 
arranged  along  a  common  stalk  or  axis  of  infloresence ;  as  in  the 
Lily  of  the  Valley^  Currant,  Choke-Cherry,  Barberry,  &c  Hie 
lowest  blossoms  of  a  raceme  are  of  course  the  oldest,  and  therefore 
<^n  first,  and  the  order  of  blossoming  is  ascending,  frcmi  the  bot- 
t(xn  to  the  top.  The  summit,  never  being  stepped  by  a  terminal 
flower,  may  go  on  to  grow,  and  oflen  does  so  (as  in  the  Snowberry, 
Shepkerd*s  Furse,  &c.),  producing  lateral  flowers  one  after  another 
thronghout  the  season.  In  the  raceme,  the  axis  of  inflorescence  is 
more  or  less  elongated,  and  the  pedicels  are  about  equal  in  length. 

385.  A  Corymb  (Fig.  309,  319)  is  the  same  as  a  raceme,  except 
that  the  lower  pedicels  are  elongated,  so  as  to  form  a  level-topped  or 
slightly  convex  bunch  of  flowers ;  as  in  the  Hawthorn,  &c 

no.  807.    ABMnii«,idthageMnlp«hmetoCp),p«Uod0(F'),licMti(6),«BAte^^ 
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'  1186.  Al  UfflM  (Fig.  810)  differs  from  a  corymb  cmly  in  baling 
all  the  pedicels  arinng  from  tbe  same  i^^Nirent  point,  so  as  to  veaeia- 
ble  the  rajs  of  an  imibrella;'*— the  general  pedande,  in  this  ease, 
bearing  several  flowers  without  any  perceptible  ekngatioD  of  tbe 


of  infloresence.      The    Primrose  and  the  Milkweed  aSord 
fiuniliar  examples  of  the  simple  nmbeL 

887.  A  corymb  being  evidently  the  same  as  a  raceme  with  a 
short  main  axis,  and  an  nmbel  the  same 
as  a  corymb,  with  a  still  shorter  axis, 
it  is  evident  that  the  ooter  flowers  of 
an  mnbel  or  corymb  correspond  to  the 
lowermost  in  the  raceme,  and  that  these 
will  first  expand,  the  blossoming  pro- 
ceeding regularly  from  the  base  to  the 
apex,  or  (which  is  the  same  thing)  from 
the  circomference  to  the  centre.  This 
mode  of  development  uniformly  takes 
place  when  the  flowers  arise  from  axil- 
lary buds ;  on  which  account  ihe  indefi- 
nite mode  of  inflorescence  is  also  called 
the  eefUripetoL 

888.  In  all  the  foregoing  cases,  the 
flowers  are  raised  on  stalks,  or  pedicels. 
When  these  are  wanting,  or  so  short  as 

n,  1,1  not  to  be  apparent,  a  Spike  or  Beadis 

produced. 

889.  A  SpikB  is  the  same  as  the  raceme,  except  that  the  flowers 
are  sessile ;  as  in  the  Plantain  (Fig.  811)  and  Mullein.    It  is  an  i&- 

IXa.  806.    ▲  neoM.    80O.  A  oevTinb.    SIO.  Jin  vmbfL 

no.  811.    Toangfpik«cCF]Mili«OBiO«-    8U.  OatklB«rWtalltBli«k. 
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detenmnate  mfloresenoe,  widi  tke  primarj  ana  elongated^  and  the 
flowers  destitute  of  pedicels  or  with  only  v^y  short  ones.  Two 
varieties  of  the  spike  have  received  independent  names,  vix.  the 
SpaUx  and  ihi&  AmenL 

390.  A  Spadix  is  a  fleshj  spike  enveloped  hj  a  large  bract  or  mod« 
ified  Jbea^  called  a  Spatoe,  as  in  Galla  palustris  (Fig.  313),  the 
Indian  Tamip  (Fig.  314),  and  the  Skunk  Cabbage  (Fig.  1205). 


391.  ill  Amentf  or  Catkilli  is  merelj  that  kind  of  spike  with  scaly 
bracts  borne  by  the  Birch  (Fig.  312),  Poplar,  Willow,  and,  as  to  one 
of  the  two  scnts  of  flowers,  by  the  Oak,  Walnut,  and  Hickory,  which 
are  accordingly  called  omenlaceous  treer*  Catkins  usually  fall  off 
m  one  piece,  after  flowering  or  fruiting,  especially  sterile  catkins. 

392.  The  nead,  or  Capitnlom,  is  a  globular  duster  of  sessUe  flowers, 
like  that  of  Clover,  the  Button-Bush  (Fig.  320),  and  the  balls  of  the 
Buttonwood  or  Plane-tree.  It  is  a  many-flowered  centripetal  in- 
flarescence,  in  which  neither  the  primary  axis  nor  the  secondary 
axes  are  at  all  lengthened.  We  may  view  it  either  as  an  umbel 
without  any  pedicels,  or  as  a  spike  with  a  very  short  axis.  Gen- 
erally it  is  of  the  latter  character,  as  is  evident  in  a  Clover-head, 
where  what  was  first  a  head  frequently  elongates  into  a  spike  as  it 
grows  older. 

no.  818, 814.    Spadiz  of  Calla  and  of  Aram,  with  th«  ipafha.    816  ▲  nceme  of  Charrj. 
817.  A  eyma.    818.  Paokla  of  Maadow-Graaa.    819.  A  oocymb. 
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393.  The  base  both  of  the  head  and  the  umbel  is  frequently  fur- 
nished with  a  number  of  imperfect  leaves  or  bracts,  crowded  into  a 


cluster  or  whorl,  termed  an  Involucre.    The  involucre  assumes  a 
great  variety  of  forms ;  sometimes  resembling  a  calyx ;  and  some- 


no.  820.  H«ad  of  llowen  of  the  Bntton-bnih,  Cephakatliiii  oeeidentalb. 
f  lO.  821 .  PUnt  of  Cornuf  Canadensis,  with  Its  four-leayed  InTolncre  around  a  cluster  of  tatSX 
flowers.    822.  A  separate  flower  enlarged. 
FIG.  828.    Flowering  branch  of  Cichory,  with  two  heads  of  Ugulate  flowers. 
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times  (bs\  in  Cornus  Florida,  or  the  common  Dogwood,  and  C.  Cana- 
densis, Fig.  321)  becoming  petal-like,  and  much  more  showy  than 
the  blossom  itself.  Here  it  is  at  once  distinguished  from  the  calyx 
or  corolla  by  its  including  a  number  of  flowers.  Sometimes,  how- 
ever, as  in  the  Mallow  and  Hibiscus,  the  involucre  forms  a  kind 
of  out«r  calyx  to  each  flower. 

394.  The  axis,  or  rhachis  (382),  of  a  head  is  called  its  Rkcep- 
TACi-E.     Frequently,  instead  of  being  globular  or  oblong,  it  is  flat  or 
depressed,  and  dilated  horizontally,  so  as  to  allow  a  large  number  of 
flowers  to  stand  on  its  level  or  merely  convex  surface;  as  in  the  Sun- 
flower, Aster,  Marigold,  Dandelion,  and  Cichory  (Fig.  323).     Here, 
as  in  Fig.  321,  a  set  of  bracts  form  an  involucre,  surrounding  the 
dense  head  of  flowers.     And  as  the  involucre  considerably  resembles 
a  calyx,  while  the  outer  flowers,  often  of  a  peculiar  sort,  are  readily 
mistaken  for  petals,  the  head  in  these  and  similar  plants  was  called 
a  compound  Jlotaer  by  the 
older  botanists.  Fig.  324  rep- 
resents a  section  through  a 
head  of  such  flowers  in  a  Co- 
reopsis ;  and  Fig.  325  is  a  slice 
of  the  same,  more  enlarged, 
displaying  some  of  the  sepa- 
rate flowers.     In  Coreopsis, 

as  in  the  Sunflower,  Yarrow,  sai 

&C.,  each  blossom  of  the  head  is  subtended  by  its  bract  (h) ;  and 
the  bracts  in  such  cases  are  called  Palea  or  Chqff^, 


395.  The   Fig  presents  a  case  of  very  singular  inflorescence 

TIO.  824.    Vertical  MCttoa  of  a  head  of  flowers  of  a  CoreopeU. 

FIG  S26.    A  sUoe  of  Fig.  824,  more  enlarged,  with  one  tobular  perfect  flower  (a)  left  staodv 
fas  on  the  receptacle,  and  eabtended  by  its  bract  or  chaff  (6) ;  also  one  Ilgulate  and  neutral  rajr- 
r  (c),  and  part  of  another :  </,  section  of  bracts  or  leayes  of  the  inrolucre. 
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(Fig.  590  -  592),  where  ike  ^wen  ejppueallj  occajpj  the  knide 
instead  of  the  ootside  of  the  axis,  being  endosed  within  the  fleshy 
recepUcle,  which  is  hollow  and  nearly  doeed  at  the  topu  Sa  that 
while  a  Sunflower,  or  the  like,  is  an  inflorescence  imtating  a  blos- 
som, a  flg  is  an  inflorescence  imitating  a  firuiu  Indeed,  it  is  much 
like  a  mulberrj  (Fig.  593)  or  a  pine-apple,  turned  inside  oat. 

896.  The  forgoing  are  all  forms  of  simple  inflorescence ;  the 
ramification  not  passing  beyond  the  first  st^;  the  lateiral  buds  being 
at  once  terminated  by  a  single  flower.  But  the  kteral  flower- 
stalks  may  themselves  branch,  just  as  ordinary  branches  give  rise 
to  branchlets:  then  the  inflorescence  becomes  compound.  If  the 
branches  of  a  raceme  are  prolonged,  and  bear  other  flowers  on  pedi- 
cels similarly  airanged,  a  eompatmd  raceme  is  produced ;  or  if  the 
flowers  are  sessile,  a  compound  epike  is  formed.  A  corymb^  the 
branches  of  which  are  similarly  divided,  forms  a  compound  corymb ; 
and  an  umbel,  where  the  branches  (often  called  ray$)  bear  smaller 
umbels  at  their  apex,  is  termed  a  compound  um- 
M ;  as  in  the  Caraway,  Parsnip,  and  almost  all 
the  species  of  the  family  Umbelliferse,  which  is 
so  named  on  this  account. 

897.  For  these  secondary  umbels,  a  good  £ng- 
(J\    '  \  /  ^      lish  name  has  been  employed  by  Dr.  Darlington, 

j|kX  that  of  Umbbllets.      Their  involucre,  when 

O    \    Ar      they  have  any,  is  distinguished  from  that  of  the 
'       prindpal  umbd  by  the  name  of  Involucel. 

898.  When  the  inflorescence  is  compound,  it  is 
readily  seen  that  the  different  kinds  of  inflores- 
cence may  be  combined ;  the  first  ramification 
following  one  plan,  and  the  subdivision  another* 
The  combination  is  usually  expressed  by  a  de- 
scriptive phrase,  as  ^spikes  racemose,  or  ra- 
cemed,"  "  heads  corymbose,"  Ac.  Tlie  combina- 
tion of  the  raceme  and  the  corymb  or  the  cjme 
gives  rise  to  a  form  of  inflorescence  which  has  a 
technical  name,  viz. :  — 

899.  The  Paoiek.  This  is  formed  when  the 
secondary  axes  of  a  raceme  branch  in  a  corymbose  manner,  as  in 
most  Grasses  (Fig.  818, 826),  or  when  those  of  a  corymb  divide  in  the 
manner  of  a  raceme.    And  the  name  is  applied  to  almost  any  open 

FIG.  836.    Apuileto.    (Gompwt  with  fig.  807.) 


Digitized  by 


Google 


J 


DBTEBltlNATK  IMFi.ORB80ENCB.  217 

«nd  more  tr  less  dongated  inflorescenoe  which  is  irregtilarlj  branched 
twice,  thrioe,  or  a  greater  number  of  times* 

400.  ATIiyniUt<>i*Thyn0,isa€ompactpanieleof  apTraniidalyOval, 
or  oblong  outline  ;  such  as  the  duster  of  flowers  of  the  Lilac  and 
Horsechestnut,  a  bunch  of  grapes,  &c 

401.  Miite  «r  Determkiato  InfloremDee.    In  this  dass,  the  flowers 

an  represent  terminal  buds  (380).  The  primary  axis  is  directly 
tenmnated  by  a  single  flower-bud,  as  in  Fig.  327,  and  its  growth 
IS  of  course  arrest^  Here  we  have  a  solitary  terminal  flower. 
Fmrther  growth  can  take  place  only  by  the  development  of  secondary 
axes  from  axillary  buds.  These  may  develop  at  once  as  peduncles, 
or  as  leafy  brandies ;  but  they  are  in  either  case  arrested,  sooner  or 
later,  by  a  flower-bud,  jbst  as  the  primary  axb  was  (Fig.  328).  If 
further  development  ensues,  it  is  by  the  production  of  branches  of  the 
third  order,  from  the  axils  of  leaves  or  bracts  on  the  branches  of  the 
second  order  (Fig.  829)  ;  and  so  on.  Hence  this  mode  of  inflo- 
rescence is  said  to  be  definite  or  determinate^  in  contradistinction  to 
the  indeterminate  mode,  already  treated  of,  where  the  primary  or 
leading  axes  elongate  indefinitely,  or  merely  cease  to  grow  from  the 
&ilure  of  nourishment,  or  some  other  extrinsic  cause.  The  most 
common  and  most  regular  cases  of  determinate  inflorescence  occur  in 
opposite-leaved  plants,  for  obvious  reasons ;  and  such  are  accordingly 
chosen  fbr  the  subjoined  illustrations.  But  the  Rose,  Potentilla,  and 
Buttercup  furnish  fiwniliftr  examples  of  the  kind  in:  alternate-leaved 


402.  The  determinate  mode  of  inflorescence  assumes  fotms  which 
may  closely  imitate  those  of  the  indeterminate  kind,  already  de- 
scribed, and  with  \diich  they  have  been  confounded.  When,  for  ex- 
ample, all  the  secondary  axes  connected  with  the  inflorescence  are 
arrested  by  terminal  flowers,  without  any  onward  growth  except 

XIQ.  327-829.    IHagrsmtof  ngnlar  fbrmiof  dstormloAtooroentriAqtaliiiflorasc^^ 
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what  fonns  their  footstalks  or  pedicels,  and  these  are  nearij-  equal  in 
length,  a  raceme-like  infloresoence  is  produced,  as  in  Fig.  830 ;  or 
when  the  flowers  have  scarcely  any  pedicels,  the  spike  is  imitated. 
These  are  disthiguished  irom  the  true  raceme  and 
spike,  however,  by  the  reverse  order  of  development 
of  the  blossoms ;  the  terminal  one  opening  earliest,  and 
the  others  expanding  in  succession  from  above  down- 
wards ;  while  the  blossoming  of  the  raceme  proceeds 
from  below  upwards.  Or  when,  by  the  elongation  oi 
the  lower  secondary  axes,  a  corymb  is  imitated,  the 
flowers  are  found  to  expand  in  succession  from  the 
centre  of  each  ramification,  beginning  in  the  centre  of 
the  cluster,  while  the  contrary  occurs  in  the  corymb. 
That  is,  while  the  order  in  indeterminate  inflorescence 
is  centripetal  (387),  that  of  the  determinate  mode  is 
cerOrifugoL  When  the  determinate  inflorescence  as« 
sumes  the  flattish  or  convex  form,  which  it  more  cooh 
monly  does,  it  has  a  distinctive  name,  viz. :  — 

403.  The  Cyme*  This  is  a  flat-topped,  rounded  Or  expanded  in- 
florescence, whether  simple  or  compound,  of  the  determinate  class ; 
of  which  those  of  the  Laurustinus,  Elder,  Dogwood,  and  Hydrangea 
(Fig.  420)  are  fully  developed  and  characteristic  examples.  Li  ccnn- 
pound  and  compact  cymes,  such  as  those  of  the  Laurustinus,  Dogwood, 
&c,  the  leaves  or  bracts  are  usually  minute,  rudimentary,  or  abor- 
tive, and  all  the  numerous  flower-buds  of  the  cluster  are  fully  formed 
before  any  of  them  expand ;  and  the  blossoming  then  runs  through 
the  whole  cluster  in  a  short  time,  commencing  in  the  centre  of  the 
cyme,  and  then  in  the  centre  of  each  of  its  branches,  and  thence  pro- 
ceeding centrifugally.  But  in  the  Chickweeds  (Fig.  331),  in  Hy- 
pericum, and  many  similar  plants,  the  successive  production  of  the 
branches  and  the  evolution  of  the  flowers,  beginning  with  that  which 
arrests  the  growth  of  the  primary  axis,  go  on  gradually  through  the 
whole  summer,  imtil  the  powers  of  the  plant  are  exhausted,  or  until 
all  the  branchlets  or  peduncles  are  reduced  to  single  intemodcs,  or 
pedicels  destitute  of  leaves,  bracts,  or  bractlets,  when  no  further  de- 
velopment can  take  place.  Such  cases  enable  us  to  study  the  deter- 
minate inflorescence  to  advantage,  and  to  follow  the  successive  steps 
of  the  ramiflcation  by  direct  observation. 

404.  A  Cymale  ( Cymtila)  is  a  diminutive  cyme,  or  a  branch  or 
cluster  of  a  compound  cyme. 

FIQ.  830.    Definite  in/loraioenoe  imltaUns  a  r 
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405.  The  Faseide  is  a  very  compact  cyme,  with  upright  or  ap- 
pressed  branches ;  as  in  the  Sweet  William. 

406.  A  filaiienik  is  a  cyme  oondensed  into  a  kind  of  head.    It  is 
to  the  cyme  what  the  head  is  to  the  corymb  or  umbeL 


407.  There  are  sereral  abnormal  modifications  of  definite  inflo- 
rescaice,  arising  from  irregular  derelopment,  or  the  suppression  of 
parts,  such  as  the  non-appearance  sometimes  of  the  central  flower, 
or  often  of  one  of  the  lateral  branches  at  each  division ;  as  in  the 
ultimate  ramifications  of  Fig.  331,  where  one  of  the  lateral  pedicels 
is  wanting.  When  this  deviation  is  completely  manifested,  that  is, 
when  one  of  the  side  branches  regularly  fails,  the  cyme  is  apparently 
converted  into  a  kind  of  one-eided  raceme,  and  the  flowers  seem  to 
expand  from  below  upwards,  or  centripetally.  The  diagram,  Fig. 
332,  when  compared  with  Fig.  331,  explains  this  anomaly.  The 
place  of  the  axillary  branch  which  fails  to  develop  at  each  ramifica- 
tion is  indicated  by  the  dotted 
lines.  Cases  like  this  occur 
in  several  Hypericums,  and 
in  some  other  opposite-leaved 
plants.  An  analogous  case  oc- 
curs in  many  alternate-leaved 
plants ;  where  the  stem,  being 
terminated  by  a  flower,  is  con- 
tinued by  a  branch  from  the 
axil  of  the  uppermost  leaf  or 
bract;  this,  bearing  a  flower, 
is  similarly  prolonged  by  a  secondary  branch ;  that  by  a  third,  and 
80  on ;  as  is  shown  in  the  diagram,  Fig.  838.     Such  forms  of  inflo- 


FIG  831.    The  opeiif  pTOgresriTely  derrloped  cyme  of  AMm  Mlchanzll 
no.  832,  833.    Plan  of  two  modiAeations  of  helicoid  cjunn  or  liilM 
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resoenoe,  which  we-  may  obsenre  in  Drosem,  Sedtun,  and  Hooads- 
tongue,  imitate  the  raceme  so  nearly^  thai  lliejr  bare  eommoblj  heat 
considered  as  of  thai  kind.  They  are  dietinguishidile,  however,  by 
the  position  of  the  flowett  cg^inmiiihe  leaf  or  kracl>  or  at  leart  on* 
of  its  axil ;  while  in  the  raceme,  and  in  every  modifieataon  of  een- 
tripetal  inflorescence,  the  flowers  necessarily  spring  from  the  axils. 
But  if  the  bracts  disappear,  as  they  commonly  do  in  the  Forget-ine* 
not,  &c,  the  true  nature  of  the  infloresoenoe  ik  not  readily  made  out. 
The  undeveloped  summit  is  usually  circinaU^  i»  coiled  in  a  spind 
manner  (Fig.  219),  gradually  unrolling  as  the  flowers  grow  and 
expand,  and  becoming  straight  m  fruit  On  account  of  this  coiled 
arrangement,  such  cymes  or  false  racemes  are  said  to  be  heliccid^ 
or  Mcorpioid. 

408.  The  cyme,  raceme,  head,  &C.,  as  well  as  the  one-flow^ed 
pedunde,  may  arise,  either  at  the  extremity  of  the  stem  w  leafy 
branch  {terminal)^  or  in  the  axil  of  the  leaves  {axiOary).  The  case 
of  a  peduncle  opposite  a  ka^  as  in  the  Poke,  the  Grape-vine^  ^bc,  is 
just  that  illustrated  in  Fig.  833,  exc^  thai  in  these  cases  the  peduncles 
bear  a  cluster  of  flowers  instead  of  a  single  one.  The  tendrils  of 
the  Vine  (Fig.  161)  occupy  the  same  position,  and  are  of  the  same 
nature.  In  a  growing  Grape-vine,  it  is  evident  that  the  uppermost 
tendril  really  terminates  the  stem ;  and  that  the  latter  is  continued 
by  the  growth  of  the  axillary  bud,  situated  between  the  petide  and 
the  peduncle ;  the  branch  thus  formed,  assuming  the  direction  of  the 
nudn  stem,  and  appearing  to  be  its  prolongation,  throws  the  peduncle 
or  tendril  to  the  side  opposite  the  leaf. 

409.  The  eoetra-ixxiUary  peduncles  of  most  species  of  Solanum,  Ac. 
are  terminal  peduncles,  which  have  become  lateral  by  the  evcdudon 
of  an  axillaiy  branch,  with  which  the  peduncle  or  the  petiole  is 
united  for  some  distance.  Such  peduncles  sometimes  come  fiom 
extra-axillary  accessory  buds  (169). 

410.  In  the  Linden  (Fig.  742)  the  pedunde  appears  to  spring 
from  the  middle  of  a  peculiar  foliaceous  bract  But  this  is  rather 
a  bractlet,  inserted  on  the  middle  of  the  peduncle,  and  decurrent 
down  to  its  base. 

411.  A  pedunde  which  arises  from  the  stem  at  or  beneath  the 
surface  of  the  ground,  as  in  Bloodroot,  the  Primrose,  the  so-called 
etemless  Violets,  &C.,  is  called  a  radical  peduneU^  or  a  Scape. 

412.  A  combination  of  the  two  classes  of  inflorescence  is  not  uo* 
usual,  the  general  axis  developing  in  one  way,  but  the  separate 
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fkywer-clasters  in  the  other.  ThuB  the  heads  of  the  Sunflower  and 
of  all  ^  80-ealIed  eompoond  flowers  (894)  are  ceninpeUd,  the 
flowers  expan^g  regularly  fitmi  the  margin  or  circumference  to  the 
centre ;  while  the  brandMS  that  hear  the  heads  are  developed  in  the 
tentrifagei  mode,  the  central  heads  heing  earliest  to  come  into  blos- 
som. This  is  exactlj  reversed  in  all  LabiatsB  (plants  of  the  Mini 
tribe);  where  the  stem  grows  on  indefinitely,  producing  axillary 
ciosters  in  the  form  of  a  general  raceme  or  spike,  which  blossoms 
from  below  upwards ;  while  tlie  flowers  of  each  cluster  form  a  cyme, 
and  expand  in  ihe  centrifugal  manner.  These  cymes,  or  cymtden 
(404),  are  usually  dose  and  compact,  and  being  situated  one  in  each 
axil  of  the  opposite  leaves,  the  two  together  frequently  form  a  clus- 
ter which  surrounds  the  stem,  like  a  whorl  or  verticil  (as  in  the 
Catnip  and  Horehound) :  hence  such  flowers  are  often  said  to  be 
whoHed  or  vertieiBaief  which  is  not  really  the  case,  as  they  evidently 
all  spring  from  the  axils  of  the  two  leaves.  The  apparent  verticil 
of  this  kind  is  sometimes  termed  a  Yrbticillastbr. 

418.  True  whorled  flowers  occur  only  in  some  plants  wiUi  whorled 
leaves,  as  in  Hippuris  and  the  Water  Milfoil 


CHAPTER    IX. 

OF  THE  FLOWER. 

SxcT.  I.    Its  Organs,  Or  Cohpovent  Farts. 

414.  Hayiko  glanced  at  the  circumstances  which  attend  and  con- 
trol the  production  of  flowers,  and  considered  the  laws  which  govern 
tiiehr  arrangement,  we  have  next  to  inquire  what  Ihe  flower  is  ocmi- 
posed  €^. 

41^.  Th0  Ftowir  (117)  assumes  an  endless  variety  of  forms  in 
diiferent  species,  so  that  it  is  very  difflcult  properly  to  define  it. 
The  name  was  earliest  applied,  as  it  is  stiU  in  popular  language 
generaDy  applied,  to  the  delicate  and  gayly  colored  leaves  or  petfils, 
80  different  from  the  sober  green  of  the  foliage.  But  the  petals, 
and  all  these  bright  hues,  are  entirely  wanting  in  many  flowers, 
while  <mlinary  leaves  sometimes  assume  the  brilliant  coloring  of  the 
19* 
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The  Stamens  and  pistild  are  the  characteristic  organs  of 
the  flower ;  but  sometimes  one  or  the  other  of  these  disappear  from 
SM  a  particukr  flower,  and  both  are  absent  from 

full  double  Roses,  Camellias,  &c^  in  which  we 
have  only  a  regular  rosette  of  delicate  leaves. 
This,  however,  is  an  unnatural  state,  the  conse- 
quence of  protracted  cultivation. 

416.  The  flower  consists  of  the  organs  of  re- 
production of  a  Phienogamous  plant  (114),  and 
their  envelopes.  A  complete  flower  consists  of 
the  essential  organs  of  reproduction  (viz.  stamens 
and  pistils),  surrounded  by  two  sets  of  leaves 

4\rv7nrVr)  //      ^^  envelopes  wWch  protect  them.    The  latter 
^V    ^^Ly  ^r^     are  of  course  exterior  or  lower  than  the  former, 
which  in  the  bud  thej  enclose. 

417.  The  Flonl  Envelopes,  then,  are  pf  two 

sorts,  and  occupy  two  circles,  one  above  or 
Those  of  the  lower  circle,  the  exterior  envelope 
in  the  flower-bud,  form  the  Calyx:  they  commonly  exhibit  the 
green  color  and  have  much  the  appear- 
ance of  ordinary  leaves.  Those  of  the 
inner  circle,  which  are  commonly  of  a 
more  delicate  texture  and  brighter  color, 
and  form  the  most  showy  part  of  the 
blossom,  compose  the  Corolla.  The 
several  parts  or  leaves  of  the  corolla  are 
called  Petals  :  and  the  leaves  of  the 
calyx  take  the  corresponding  name  of  Sepals.  One  of  the  Ave 
sepals  of  the  flower  represented  in  Fig.  334  is  separately  shown  in 
Fig.  336  ;  and  one  of  the  petals  in  Fig.  337.  The  calyx  and  coroUa, 
taken  together,  or  the  whole  floral  envelopes,  whatever  they  may  con- 
sist of,  are  sometimes  called  the  Perl/lnth  {Perianthium  or  /Vn- 
gonium). 

418.  The  Essential  Organs  of  the  flower  are  likewise  of  two  kinds, 
and  occupy  two  cii*cles  or  rows,  one  within  the  other.    The  first  of 


within  the  other. 


FIO.  8S1  The  complete  flower  of  a  Cnarala  885.  Ptogramofltetioie-iettloolp  ttetwud, 
ahowlng  the  lelative  position  of  Ite  pMrto.  The  five  pieoes  of  the  exterior  circle  art  esctioM  <€ 
theaepeU;  the  next,  of  the  petale;  tiM  third,  of  the  stemeiM  thioogh  thair  enthen ;  tht  Ibt 
nermost,  of  the  fire  plitllt. 

Fia.  886.  A  sepal ;  887,  a  petal }  888,  a  etamen ;  and  838,  a  pletil  from  the  llowtr  npi*^ 
eentedlBris.  83A. 
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these,  those  next  within  the  petals,  are  the  Stamens  (Fig.  338). 
A  stamen  consists  of  a  column  or  stalk,  called  the  Filament  (Fig. 
340,  a),  and  of  a  rounded  body,  or  case,  termed  the  An- 
ther (&),  filled  with  a  powdery  substance  called  Pol- 
len, which  it  discharges  through  one  or  more  slits  or 
openings.  Tlie  older  botanists  had  no  general  term  for 
the  stamens  taken  collectively,  analogous  to  that  of  corolla 
for  the  entire  whorl  of  petals,  and  of  calyx  for  the  whorl 
of  sepals.  A  name  has,  however,  recently  been  pro- 
posed for  the  stamtnate  system  of  a  flower,  which  it  is 
occasionally  convenient  to  use ;  that  of  Andrceciu^i. 

419.  The  remaining,  or  seed-bearing  organs,  which  occupy  the 
centre  or  summit  of  the  flower,  to  whose  protection  and  perfection 
all  the  other  parts  of  the  flower  are  in  some  way  subservient,  are 
termed  the  Pistils.     To  them  collectively  the  name  of  Gyn^ecium 
has  been  applied.     One  of  them  is  separately  shown  in  Fig.  339. 
This  is  seen  more  magnified  and  cut  across  in  Fig.  342  ;  and  a  dif- 
ferent one,  longitudinally  divided, 
so  as  to  exhibit  the  whole  length 
of  its  cavity,  or  ceUj  is  represents 
ed  in  Fig.  341. 

420.  A  pistil  is  distinguished 
into  three  parts ;  namely,  the 
OvART  (Fig.  341,  a),  the  hollow 
portion  at  the  base  which  con- 
tains the  Ovules,  or  bodies  des- 
tined to  become  seeds ;  the  Style 
(h)y  or  columnar  prolongation  of  the  apex  of  the 
ovary ;  and  the  Stigma  (c),  a  portion  of  the  sur- 
face of  the  style  denuded  of  epidermis,  sometimes 
a  mere  point  or  a  small  knob  at  the  apex  of  the 
style,  but  often  forming  a  single  or  double  line 
running  down  a  part  of  its  inner  face,  and  assum- 
ing a  great  diversity  of  appearance  in  difiTerent 
plants. 

no.  84a    A  stamen,  with  th«  •other  (6)  dlflchurgtog  Iti  pollen :  a,  the  fllamenL 

no   841.    Vertical  eection  of  a  pistil,  showing  the  interior  of  Its  orary,  a,  to  one  side  ef 

whieh  ars  attached  nnmerous  omles,  d :  above  is  the  style^  6,  tipped  by  the  stigma,  c. 
no.  842.    A  PUtU  of  Crassnla,  like  that  of  Fig.  838,  but  move  magnilled,  and  ent  aeroit 

tiiroQgh  the  ovary,  to  show  its  cell,  and  the  ovules  it  contains.    At  the  summit  of  the  style  ia 

seen  a  somewhat  papillose  portion,  destitute  of  epidermis,  extending  a  little  way  down  the  In- 

Bsr  (iMe:  this  is  the  stigma. 
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421*  All  the  organs  of  the  flower  fire  situated  on,  or  grow  oat  o^ 
the  apex  of  the  flower-«talk,  into  which  they  are  said,  in  hotaaic^  laa* 
guage,  to  he  in$miedy  and  which  is  called  the  Torus,  or  Receptacle. 
This  is  the  axis  of  the  flower,  to  which  the  floral  organs  are  attached 
(just  as  leaves  are  to  the  stem)  ;  the  calyx  at  its  rery  base  ^  the 
petals  just  within  or  above  the  calyx ;  the  stamens  just  within  the 
petals  i  and  the  pistils  within  or  above  the  stamens  (Fig.  343). 

4     ,  422.  Such  is  the  stroei- 

ure  of  a  oooqplete  and  regOf 

\y         yyy        lar  flower ;  which  we  tidke 
i  yj/         as  the  <5ipe,  or  standard  of 
U/^^/  oon^wrison.      The    calyx 

'/  jtr  y  and  corolla  are  termed  jwio- 

tectinff  oTfftau.  In  the  bud^ 
they  envelope  the  other 
parts :  the  calyx  sometimes 
forms  a  covering  even  for 
the  fruit ;  and  when  it  retains  its  leaf-like  texture  and  color,  it  as- 
similates the  sap  of  the  plant  with  the  evolution  of  oxygen  gas,  in 
the  same  manner  as  do  true  leaves :  the  corolla  elaborates  honey  or 
other  secretions,  for  the  nourishment,  as  is  supposed,  of  the  stamens 
and  pistils.  Neither  the  calyx  nor  corolla  is  essential  to  a  flower, 
one  or  both  being  not  unfrequently  wanting.  The  stamens  and  pis- 
tils are,  however,  es$entt(d  orgoauj  since  both  are  necessary  to  the 
production  of  seed.  But  even  these  are  not  always  both  present  in 
the  very  same  flower ;  as  will  be  seen  when  we  come  to  notice  the 
diverse  forms  which  the  bloaeom  assumes,  and  to  compare  them  with 
our  pattern  flower. 


Sect.  IL     The  Theoretical  Structure  or  General  Mor- 

PHOLOOT  OF  THE   FlOWIER. 

423.  To  obtain  at  the  outset  a  correct  idea  of  the  flower,  it  is 
needM  here  to  consider  the  relation  which-  its  organs  sustain  to  thei 
organs  of  vegetation.  Taking  the  blossom  as  a  whole,  we  have 
recognized,  in  the  chapter  on  Inflorescence  (377),  the  identity  o( 
flower-buds  and  leaf-buds  as  to  situation,  &c     Flowers,  consequently, 

no.  SiS.    Part!  of  Um  fl<m«r  of  a  Stoowrop,  Sedom  tenwlami  two  of  aich  lort,  tnd  tt« 
rtetptaek,  dUpUyvd :  a,  Mpti :  ft,  patel :  e,  staoiMi :  if,  pUUL 
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Are  at  least  analogous  to  branches,  and  the  leaves  of  the  flower  are 
analogous  to  ordinary  leaves. 

424.  But  the  question  which  now  arises  is,  whether  the  leaves  of 
the  stem  and  the  leaves  and  the  more  peculiar  organs  of  the  flovrer 
are  not  homologom  parts,  that  is,  parts  of  the  same  fundamental 
nature,  although  developed  in  different  shapes  that  they  may  sub- 
serve different  offices  in  the  vegetable  economy ; — just  as  the  arm 
of  man,  the  fore-leg  of  quadrupeds,  the  wing-like  fore-leg  of  the  bat^ 
the  true  wing  ^  birds,  and  even  the  pectoral  fin  of  fishes,  all  repre- 
sent one  and  the  same  organ,  ahhdugh  developed  under  widely  dif- 
ferent forms  and  subservient  to  more  or  less  different  ends.  The 
plant  continues  for  a  considerable  time  to  produce  buds  which  de« 
velop  into  branches.  At  length  it  produces  buds  which  expand  into 
blossoms.  Is  there  an  entirely  new  system  introduced  when  flowers 
appear  ?  Are  the  blossoms  formed  upon  such  a  diflferent  plan,  that 
die  general  laws  of  vegetation,  which  have  sufficed  for  the  interpre- 
tation of  aM  the  phenomena  up  to  the  inflorescence,  are  to  afford  no 
fbrther  clew  ?  Or^  on  the  contrary,  now  that  peculiar  results  are  to 
be  attained,  are  the  simple  and  plastic  organs  of  vegetation  —  the 
stem  and  leaves  —  developed  in  new  and  peculiar  forms  for  the  ac* 
complishment  of  these  new  ends  ?  The  latter,  doubtless,  is  the  coiv 
rect  view.  The  plant  does  not  produce  essentially  new  kinds  of 
organs  to  fulfil  the  new  conditions,  but  adopts  and  adapts  the  old. 
Notwithstanding  these  new  conditions  and  the  successively  increas- 
ing difference  in  appearance,  the  fundamental  laws  of  vegetation 
may  be  traced  from  the  leafy  branch  into  and  through  the  flower. 
That  is,  the  parts  of  the  blossom  arc  homohgom  with  leaves,  are 
leaves  in  other  forms  than  that  of  foliage. 

425.  The  student  will  have  observed,  that  in  vegetation  no  new 
organs  are  introduced  to  fulfil  any  particular  condition,  but  the  com- 
mon elements,  the  root,  stem,  and  leaves,  are  developed  in  peculiar 
and  fitting  forms  to  subserve  each  special  purpose.  Thus,  the  same 
organ  which  constitutes  the  stem  of  an  herb,  or  the  trunk  of  a  tree, 
•we  recognize  in  the  trailing  vine,  or  the  twiner,  spirally  climbing 
<ither  stems,  in  the  straVof  Wheat  and  other  Grasses,  in  the  colum- 
Tiar  trunk  of  the  Palm,  in  the  flattened  and  jointed  Opuntia,  or 
Prickly  Pear,  and  in  the  rounded,  lump-like  body  of  the  Melonp 
Cactus.  So,  abo,  branches  harden  into  spines  in  the  Thorn,  or,  by 
wi  opposite  change,  become  flexible  and  attenuated  tendrils  in  the 
Vine,  and  runners  in  the  Strawberry;  or,  when  developed  under 
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ground,  thej  assoine  the  tspeet  of  oreeping  it>otfi,  and  Boraedmes 
form  thickened  rootstalks,  as  in  the  Calamus  and  Sokunon's  Seal,  e^ 
tubers,  as  in  the  Potato.  Bat  the  type  is  readily  seen  throog^ 
these  disguises.  They  are  all  mere  modifieatioos  of  the  stem.  The 
leaves,  as  we  have  already  seen^  a(^>ear  under  a  still  greater  variety 
of  forms,  some  of  them  as  widely  different  from  the  eommoD  type  of 
^iage  as  can  he  imagined ;  sneh,  fer  example,  as  Uie  thickened  and 
obese  leaves  of  the  Mesembryanthemums ;  the  intense  searlet  or 
crimson,  floral  leaves  of  the  Euchroma,  or  Painted-Cup,  of  the 
Poinsettia  of  our  conservatories,  and  of  several  Mexican  8ages;  the 
tendrils  of  the  Pea  tribe ;.  the  pitchers  of  Swraoenin  (Fig.  300), 
and  also  those  of  Nepenthes^  {^ig*  ^^)9  which  are  leaf,  tendril*  and 
pitcher  combined*  The  leaves  also  appewr  under  very  diflferoit 
aspects  in  the  same  individual  jdant,  according  to  the  purppsea^  they 
are  intended  to  subserve.  The  first  pair  of  leaves,  or  cotyledona, 
when  gorged  with  nutritive  matter  for  the  supply  of  the  eariiest 
wants  of  the  embryo  plant,  as  in  the  Almond^  Bean^  Pea,  Stc  (Fig« 
108-120),  would  seem  to  be  peculiar  organs.  But  in  some  of 
these  cases,  when  they  have  discharged  this  special  offioe  in  gu^ 
mination,  by  yielding  to  the  young  plant  the  store  of  nouriahneiit 
with  which  they  are  laden,  they  imperfectly  assume  the  eoAar  and 
appearance  of  foliage ;  while  in  other  cases,  as  in  the  Convolvulus 
<Fig.  123)  and  the  Maple  (Fig.  104),  they  are  green  and  ibhaoeous 
£x>m  the  first.  As  the  stem  devek^is,  the  successive  leaves  vary  in 
form  or  size,  according  to  the  varying  vigor  of  v^ietation.  In  oar 
trees,  we  trace  the  last  leaves  of  the  season  into  bud-scales ;  and  in 
the  returning  spring  we  may  often  trace  the  scales  of  opening  buds 
through  intermediate  states  back  again  into  true  leaves  (161). 

426.  The  analogies  of  vegetation  would  theref<we  lead  us.  to  ex- 
pect, tliat  in  flowering  the  leaves  woiild  be  wrought  into  new  fonns^ 
to  subserve  peculiar  purposes.  In  the  chapter  on  InflcaesceBce^  we 
liave  lUready  learned  that  the  arrat^ement  and  situation  of  flowers 
upon  the  stem  conform  to  this  idea.  In  this  respect>  flowers  ap» 
tdksolutely  like  branches.  The  a^tect  of  the  floral  envdopes  favons 
4he  same  view.  We  plainly  discern  thd  leaf  in  the  calyx,  sod 
again,  more  delicate  and  refined,  in  the  petals.  In  nnmberiess  in- 
stances, we  find  a  regular  transition  from  ordinary  leaves  into  sepsk» 
and  fit)m  sepals  into  petals.  And,  while  even  the  petals  are  occa* 
sbnally  green  and  herbaceous,  the  undoubted  foliage  sometimea 
assumes  a  delicate  texture  and  the  brightest  hues  (425).    The  pcr- 


Digitized  by 


Google 


rrS  THEOBETICAL   STRUCTURE.  227 

ftet  gradationof  learaaor  bracts  into  sepals  is texti^melj  oommQiu 
The  transition  of  scfials  into  petals  is  exi&mfiiAeA  in-  aliaost  eveiy 
ease  whero  there  are  more  than  two  rews  of  Amd  envelopes ;  as  in 
the  Ui^nolia,and  espooudly  in  the  White  WateroLilj,  various  kinds 
of  Oaotusy  the  IHidiiin,  or  Star-Anise  of  the  Southean  States,  and 
the  Galycanthos,  or  Carolina  AUspiee^  which  present  several  sevies 
€i  floral  envelopes,  all  nearlj^alike  in  coloiv  texture,  and  shape ;  but 
how  manj  of  the  innermost  are  to  be  called  petals,  and  how  the  re* 
mainder  are  to  be  divided  between  isepals  and  braets,  is  entirelj  a 
matter  of  arbitraiy  opinien.    In  &ct,  the  only  real  difibrence  he^ 
tween  the  calyx  and  corolla  is,  that  the  &nner  is  the  olit^  and  the 
latter  an  inner  series  of  floral  enfvelopesA    Sometimes  the  gradatioik 
extends  one  step  fiurther,  and  exhibits  an  evident  transition  of  petals 
into  stamens;  showing  that  these  are  of  the  same  fundamental 
nature  as  the  floral  envelopes,  which  are  manifestly  traceable  badi 
to  leaves.    The  White  Water-Lflj  (FigL  344)  exhilnts  this  latter 
toaasition,  as   evi-> 
dently  as-  it  does 
thai  of  sepals  into 
petids.     Here  the 
petals  occupy  set- 
eral    whorls ;   and 
wUle  the  exterior 
are    nearly  undis- 
tinguishahle     from 
the  calyx,  the  in- 
ner are  reduced  in- 
to organs  which  are 
oeither  well-formed 
petals  oor  stamens, 

iMt  intermediate  be-  .  *** 

tween  the  twa  They  aro<  merely  petals  ^  a  smaller  size,  with 
their  commits  contracted  and  translbnned  into  imperfect  anthers, 
containing  a  few  grains  of  pollen:  those  of  the  series  next  within 
ure  more  reduced  in  size^  and  be«r  perfect  anthers  at  the  apex ;  and 
n  still  further  reduction  of  the  lower  piul  of.  the  petal  completes  the 
transition  iilto  stamens  of  ordinary  appearance. 

427.  By  regular  gradations,  therefore,  the  leaf  may  be  traced  to 

no.  S44.    A  Mpal,  petals,  bodiet  latanaediato  Utwcen  petali  •ad  gtMawMi-wad  irat  «M 
of  Um  ^rhito  WAtar-my.  .        . 
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t}ie  petal  and  the  stamen*  Bui  we  coold  not  expect  to  meet  wit& 
intermediate  states  between  a  stamen  and  a  pistil,  except  as  a  mon- 
strosity. The  same  organ  could  not  Ailfil  such  antagonistic  offices. 
NcTertheless,  stamens  changing  into  pistils  are  occasionally  found  in 
numstrtms  blossoms*  Cases  of  the  kind  are  not  rery  me  in  WiV* 
lows,  where  anthers  are  found  either  half  changed  or  else  perfectly 
transformed  into  pistils,  and  bearing  OTules  instead  of  pollen.  In 
gardens  some  stamens  of  the  common  Poppy  have  been  found 
changed  into  perfect  pistils,  and  imperfect  attempts  of  the  kind  are 
more  frequently  to  be  detected  in  the  laige  Oriental  P(^py.  Two 
Apple-trees  in  Ashbumham,  Massachusetts,  have  long  been  knowni 
which  annually  produce  flowers  in  which  the  petals  are  replaced  by 
five  small  fi^iaceous  bodies,  resembling  sepals,  and  in  place  of  sta« 
mens  there  are  ten  separate  and  accesscny  pstils,  inserted  on  the 
throat  of  the  calyx. 

'  428.  This  transformation  of  one  organ  into  another  is  called  m^« 
amarphoiit.  Assuming  green  foliage  to  be  the  natural  state  of 
leaves,  the  sepals  and  petals  are  said  to  be  transformed  or  metamoiv 
phosed  leaves ;  and  the  stamens  and  pistils  are  still  more  metamer* 
phosed,  losing  as  they  ordinarily  do  all  appearance  of  leaves.  Stilly 
if  these  organs  be,  as  it  were,  leaves  developed  in  peculiar  states^ 
under  the  controlling  agency  of  a  power  which  has  overborne  the 
ordinary  forces  of  vegetation,  they  must  always  have  a  tendency  to 
develop  in  their  primitive  form,  when  the 
canses  that  govern  the  production  of  blossoms 
are  interfered  with  during  their  formation. 
They  may  then  reverse  the  spell,  and  revert 
into  some  organ  below  them  in  the  series,  as 
from  stamens  into  petals,  or  pass  at  once  into 
the  state  of  ordinary  leaves.  That  is,  organs 
which  from  their  position  should  be  stamens 
or  pbtils  may  devel<^  as  petals  or  floral 
leaves,  or  else  may  revert  at  once  to  tlie  state 
of  ordinary  leaves.  Such  cases  of  reirogradi 
melamorpho9i$  frequently  occur  in  cultivated 
flowers.  • 

420.  Thus  we  often  meet  with  ih€  actual  reetmvenum  of  whai 

no.  84S.   AtmftUk«riBptootofft]dftilfh>mttMoentTOofaflowvrof  thedoaUtChMTT. 
MS.  An  oifui  IntoroMdlato  btireta  %  I«af  and  %  pbtil,  from  %  similar  floirar. 
FIG.  817.    Leaflet  of  a  Brjophyllnm,  deTelo|>tiig  budi  aloiig  Ita  maiiliii. 
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Aomld  be  a  piuil  into  a  leaf  in  the  double  Gardtm  Qierry,  either 
completely  (Fig.  345),  or  else  incompletelj,  so  that  the  resulting 
organ  (as  in  Fig.  346)  is  something  intermediate  between  the  two. 
The  ckangt  of  what  should  be  iUunen$  into  petali  is  of  comuMm  oc- 
currence in  what  are  called  double  and  eeftn-double  flowers  of  the 
gard^is ;  as  in  Roses,  Camellias,  Carnations,  &c.  When  such  flow- 
ers have  many  stamens,  these  disappear  as  the  supernumerary,  petals 
increase  in  number ;  and  the  various  bodies  that  may  be  oflen  ob- 
served, intermediate  between  perfect  stamens  (if  any  remain)  and 
the  outer  row  of  petals, — from  imperfect  petals,  with  a  small  lamina 
tapering  into  a  slender  stalk,  to  those  which  bear  a  small  distorted 
lamina  on  one  side  and  a  half-formed  anther  on  the  other, — plainly 
nsveal  the  nature  of  the  transformation  that  has  taken  place*  Car^ 
ried  a  step  farther,  the  pistils  likewise  disappear,  to  be  replaced  by 
a  rosette  of  petals,  as  in  fully  double  Buttercups. 

430.  In  full  double  Buttercups  we  may  ofien  notice  a  tendency 
in  the  inner  petals  to  turn 
green,  that  is,  to  retro^ 
grade  still  farther  into  foli- 
aeeous  organs.  And  there 
is  a  monstrous  state  of  the 
Strawberry  blossom,  well 
known  in  Europe,  in  which 
M  the  fk>ral  organs  revert 
into  green  sepals,  or  imper- 
fect leaves.  Fig.  348  ex- 
liibits  a  similar  retrograde 
metamorphosis  in  a  flower 
of  the  White  Ckiver,  where 
the  calyx,  pistil,  ^bc  are 
still  recognizable,  although 
partially  transformed  into 
leaves.  And  the  ovary, 
which  has  opened  down  one 

side,  bears  on  each  edge  a  number  of  small  and  imperfect  leaves ; 
much  as  the  ordinaiy  leaves,  or  rather  leaflets,  of  Bryophyllura  are 
apt  to  develop  rudimentary  tufts  of  leaves,  or  leaf-buds,  on  their 
margins  (Fig.  347),  which  may  grow  into  little  plantlets,  by  wliich 
the  species  is  oflen  propagated.     This  retrograde  metamorphor^is  of 

no.  848.    A  flotrer  of  the  common  White  Clover  rererting  to  a  leafjr  branch  palter  Turpln. 

20 
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a  whold  blossom  into  folkceoos  ptetB  has  been  termed  thbrotiSf  ftoni 
the  green  color  thus  assumed. 

481.  A  somewhat  tffferertt  proof  that  the  Moesom  is  a  sort  ef 
branchy  and  ity  parts  leaves,  is  occasionally  ibnrished  by  monstrous 
flowere  in  the  pfvetuefian  of  a  leafy  hroneh  Jromtke  eenirv  ofufomer^ 
or  of  ^me  jhwer  out  of  ike  centre  of  another  (as  rose-bads  out  of 
itees).     Uete  the  receptacle  or  axis  of  the  flower  resumes  Ae 

or^ary  vegetatite 
growth,  as  in  Fig. 
849,  850.  In  wet 
and  warm  springs, 
some  of  the  flower- 
buds  of  the  Pear  and 
Apple  are  occasion^ 
ally  forced  into  vege- 
tation, so  as  com* 
pletely  to  break  up 
the  flower  andchange 
it  into  an  ordinary 
leafy  branch,  "[fhis 
proves  that  the  recep- 
tacle of  a  flower  is  of  the  nature  of  the  stem. 

482.  An  analogous  kind  of  monstrosity,  viz. 
the  development  of  buds  —  either  into  leafy 
branches  or  into  blossoms  (Fig.  351) — in  the 

axils  of  petals,  or  even  of  stamens  or  pistils,  fur-  '^ 

nishes  additional  evidence  that  these  bodies  are  of  the  nature  of 
leaves;  for.  Whatever  bears  a  bad  or 
branch  in  its  axil  must  represent  a  leaf. 
433.  The  irresistible  eondusion  irom 
all  such  evidence  is,  that  the  flower  is 
one  of  the  forms  —  the  ultimate  form  — 
under  which  branches  appear;  tliat  the 
leaves  of  the  stem,  the  leaves  or  petals 
of  the   flower,  and   even  the   stamens 

and  pistils,  are  aH  forms  of  a    common 

/ 

FIO.  S49.  Retrognde  metamorphoslfl  of  %  flower  of  the  FnzhieUa  of  the  gmrdens,  from 
lindley  *■  Theory  of  Hortloultura ;  an  Intcmode  elongated  Just  above  the  gtcmens,  and  beaiiog 
a  whorl  of  green  learea. 

riQ.  850.    A  monstroui  pear,  prolonged  Into  a  leafy  branch ;  from  Bonnei. 

no.  851.  A  flower  of  Faliie  Bittersweet  (Cela«trua  acaudeus),  producing  other  flowers  ia 
the  axils  of  the  petals ;  fitrni  Tnrpln. 
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tjpe,  only  diiMng  in-  their  special  developmont  And  it  may 
ie  added,  that  in  am  tKarlj  stage  of  development  thej  all  appear 
aearijF  «]ike.  That  wl^h,  under  the  ordinary  laws  of  vegetation, 
ivould  havederdkiped  aa  «  leaiy  branch,  here  developed  as  a  fk>wer ; 
its  several  organs  appearing*  under  ibrms,  some  of  them  slightly,  and 
odiecs  extremely,  dlfl«reot  in  aspect  and  in  office  from  the  foliage. 
But  they  all  have  a  common  nature  and  a  oommon  ongin,  or,  in 
other  vrords,  are  homologous  parts  (  424). 

434.  Novr,  as  we  hove  no  genend  name  to  comprehend  all  tliose 
organs  which,  as  foliage,  bud>sca^  bracts,  sepals,  petals,  stamens, 
^cc,  successively  spring  ih>m  the  ascending  axis  or  stem,  having  asccr* 
tained  their  essential  identity^'  we  naturally  take  some  one  of  them 
as  the  typey  and  view  the  others  as  modifications  or  metamorphoses 
of  it.  The  leaf  is  the  form  which  earliest  appears,  and  is  the  most 
general  of  all  the  organs  of  the  vegetable ;  it  is  the  ibrm  which  iff 
indbpensable  to  normal  vegetation,  since  in  it,  as  we  have  seen,  fc^ 
•imilatios  is  effected,  and  all  organic  matter  is  produced ;  it  is  the 
ibnu  into  whidi  all  the  floral  <»gans  may  smnetimes  be  traced  back 
by  numerous^  gradations,  and  to  whidi  they  are  liable  to  revert  when 
"flowering  is  disturbed  and  the  vegetative  forces  again  prevail 
Hence  the  leaf  may  be  properly  assumed  as  the  type  or  pattern,  to 
whidi  all  the  others  are  to  be  referred.  When,  therefore,  ^lie  floral 
organs  are  called  modified  ^t  meUMm9rpha$0d  Uavei^  it  is  not  to  be 
supposed  that  a  petal  has  ever  actually  been  a  green  lea(^  and  has 
subsequently  assumed  a  more  delicate  texture  and  hue,  or  tliat  sta- 
mens and  pistils  have  previously  existed  in  tlie  state  of  foliage  ;  but 
only  that  what  is  fundamentally  one  and  the  same  organ  develops, 
in  the  progressive  evolution  of  the  plant,  under  each  or  any  of 
these  various  &rms.  When  the  individual  organ  has  developed,  its 
destiny  is  fixed. 

435.  The  theory  of  vegetable  morphology  may  be  exprej^i^ed  in 
other  and  more  hypothetical  or  transcendental  forms.  We  have 
preferred  to  enunciate  it  in  the  simplest  and  most  general  teiTns. 
But,  under  whatever  particular  fbrmula  expressed,  its  adoption  has 
not  only  greatly  simplified,  but  has  thrown  a  flood  of  light  over  the 
whcJe  of  Structural  Botany,  and  has  consequently  placed  the  whole 
logic  of  Systematic  Botany  upon  a  new  and  philosophical  ba^is. 
Our  restricted  limits  will  not  allow  us  to  trace  its  historical  develoi>- 
ment.  Suffice  it  to  say,  that  the  idea  of  tlie  essential  identity  of  the 
floral  organs  and  tlie  leaves  was  distinctly  propounded  by  Liu> 
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lueits*  abcNit  the  middle  of  tlie  lust  century.  It  was  newly  tangiit 
by  Caspar  Frederic  Wolff*,  about  twenty  years  hter,  and  againt  afbr 
the  lapse'  of  nearly  twenty  years  more,  by  the  celebrated  Ckiethe, 
who  was  entirely  ignorant,  as  were  his  scientific  contemporariei^  of 
wliat  Limueus  and  Wolff  had  written  on  the  Bul](|ect«  Goethe's 
curious  and  really  sc^ntific  treatise  was  as  ocnnpletely  ibi^gotten  or 
overlooked  hh  the  significant  hints  of  Linnaeus  had  been.  In  ad- 
vance of  the  science  of  the  day,  and  more  or  less  encumbered  with 
hypothetical  speculations,  n<me  of  these  writings  appear  to  have  ex- 
erted any  appreciable  influence  over  the  progress  ^  the  seience, 
until  it  had  i-eached  a  point,  early  in  the  present  century,  when  the 
nearly  simultaneous  generalizations  of  several  botanists,  following 
different  clews,  were  leading  to  tlie  same  conclusions.  Ignonuii  of 
the  writings  of  Goethe  and  Wolff,  De  CandoUe  was  the  first  to  de- 
velop, from  an  independent  and  original  pofait  of  view,  the  idea  of 
symmetry  in  the  flower ;  that  the  plan,  or  type,  of  the  blossom  is 
regular  and  symmetrical,  but  that  this  symmetry  is  more  or  less  in- 
terfered with,  modifled,  or  disguised  by  secondary  influences,  soch  as 
suppressions,  alterations,  or  irregularities,  giving  rise  to  the  greatest 
diversity  of  forms.  The  reason  of  the  prevailing  symmetrical  ar- 
rangement of  parts  in  the  blossom  has  only  recently  been  made 
apparent,  in  the  investigation  of  phyllotaxis  (236)  ;  from  which  it 
appears  that  the  general  arrangement  of  the  leaves  upon  the  stem 
is  carried  out  in  the  flower. 


Sect.  IIL    The  Stmmetrt  of  the  Flower. 

436.  A  Symmetrieal  Flower  is  one  which  has  an  equal  number  of  « 
parts  in  each  circle  or  whorl  of  organs ;  as,  for  example,  in  Fig. 
334,  where  there  are  five  sepals,  five  petals  five  stamens,  and  Ave 
pistils.  It  is  not  less  symmetrieal,  although  less  simple,  when  there 
are  two  or  more  circles  of  the  same  kind  of  organ ;  as  in  Sedum 
(Fig.  361),  where  there  are  two  sets  of  stamens,  five  in  eadi;  in 
the  Barberry,  where  there  are  two  or  more  sets  of  sepals,  two  of 
petals,  and  two  of  stamens,  three  in  each  set,  &c    A  complete  fawer 

*  •'  Principiam  Jhrum  et/oliorum  Idem  est  Prindpinm  gemroaram  et  folio- 
mm  idem  est  Gemma  constat  folioram  mdimends.  Pferianthium  sit  ei  ooo- 
aatis  folionim  radimentk/'  etc.    PhiUm/ihia  Dotamca^  p.  901. 
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{u  iilreiidj  deAtied,  416)  is  one  thai  pmei»ta  both  sorts  of  floral 
envelopes,  calyx  and  cordla,  and  both  essential  organs,  vis.  stamens 
and  pistils. 

4d7«  Tlie  ehnplest  possible  complete  and 
ejnnnetrical  fbwer  would  be  one  with  the  ca- 
l)rx  of  a  single  sepal,  a  corolla  of  a  single  petal, 
a  ungle  stamen,  and  a  single  pistil ;  as  in  ^ 
annexed  diagram  (Fig.  d52),  which  represents 
the  elements  of  a  simple  stem  (Fig.  157),  ter- 
minted  bj  an  eqnally  simple  flower.  Each 
fKNisdtaent  of  the  blossom  rq>reBents  a  pliytoa 
(168),  with  its  stem  part  reduced  to  a  mini- 
BDUDi,  md  its  leaf  part  developed  in  a  peculiar 
way,  according  to  tlie  rank,  it  sustains  and  the 
effioe  it  is  to  fulfiL  That  there  are  short  inter- 
nodes  between  consecutive  organs  in  the  flower 
i^  nsoallj  apparent  on  minute  inspecti<m  of  its 
axis,  or  receptacle ;  and  some  of  them  are  con- 
ipieoonsly  prolonged  in  certain  eases.  But 
tfaej  are  commonly  so  short  that  the  organs 
lofe  brought  into  juxt«q>ontion,  just  as  in  a  leaf- 
bud,  and  the  higher  op  later-f<Mined  parts  are 
interior  or  ^iclosed  by  the  lower. 

438.  Perhaps  the  exact  case  of  a  flower  at 
once  so  complete  and  so  simple  is  not  to  be  met 
with,  the  organs  of  the  flower,  or  some  of 
them,  being  generally  nmltiplied.  Thus  we 
find  a  circle  or  whorl  of  each  kind  of  organ, 
and  often  two  or  three  circles,  or  a  still  larger 
and  appar^itly  indeflnite  number  of  parts.  Li 
fact,  the  floral  organs  usually  occur  in  twos, 
threes,  fours,  or  fives;  and  the  same  number 
is  apt  to  prevail  throughout  the  several  drdes 
of  the  flower,  which  therefore  displays  a  sym-  "* 

metrical  arrangement,  or  a  manifest  tendency  towards  it* 


*  Terms  expressive  of  ihe  number  of  parts  which  compose  each  whorl  of 
kind  of  organ  —  which  are  sometimes  very  convenient  to  nse  —  are  formed  of 

no.  852  Dhgnm  of  a  plant,  with  a  dlitkhooa  amngenent  of  tho  phytOM,  earriad 
thnragh  the  complete  flower,  of  the  Mmplest  kind,  contistlng  of,  a,  a  wpal ;  6,  a  petal ;  e,  a 
•tamen ;  and  d^  a  pUtO :  br  is  the  biact  or  oppermoet  proper  leaC 
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439.  Having  alveady  fiotioed  the  sjminetricftl  arrangement  isf  IIm 
foliage  (2d6^2M),  and  remarked  die  transitioD  of  ordinaiy  kavei 

into  those  of  the  Uossoin 
(426),  we  natoralij-seek 
to  bring  the  two  under 
the  same  general  laws, 
and  look  upon  each  floral 
whorl  as  answering  ei- 
ther to  a  cjcle  of  alter* 
nate  leaves  with  their 
respeotiye  intemodes  undeveloped; 
or  to  a  pair  or  verticil  of  oppooito 
or  verticillate  leaves;  Thus,  the  simplest  oom^ 
bination,  where  the  organs  are  dimerous^  ot  m 
twos,  may  be  compared  with  the  altemate  two-> 
rahked  arrangement  (238),  the  calyx,  the  ooroUa, 
stamens,  &c  each  consisting  of  one  cycle  of  two 
elements ;  or  else  with  the  case  of  opposite  leave» 
(250),  when  each  set  woald  answer  to  a  pair  of 
leaves.  So^  likewise,  the  organs  of  a  trimerma 
flower  (vis.  one  with  its  parts  in  threes,  as  in  Fig. 
358)  may  be  tak«Q  either  as  cydes  of  altemate 
leaves  of  the  tristiehoos  mode  (289),  with  the  axis 
shortened,  which  would  throw  the  parts  into  successive  whorls  of 
threes,  or  else  as  prc^r  verticils  of  three  leaves ;  while  those  of  a' 
pentamerous  or  quinary  flower  (with  the  parts  in  fives,  as  in  Fig.  354) 
would  answer  to  the  cycles  of  the  %  arrangement  (240)  of  ahemale 
leaves,  or  to  proper  five-leaved  verticils.  So  the  wliOris  of  a  tetm- 
merous  flower  are  to  be  compared  with  the  case  of  decussatbg  op« 


the  Greek  namerals  combined  with  pipos^  a  part  Thm  a  flower  with  only  one 
organ  of  each  kind,  as  in  the  djagram,  Fig,  3^2,  is  monomerwu ;  a  flower  or  a 
vfhorX  of  two  organs  is  dimmma  (Fig.  373) ;  of  three  (as  in  Fig  353),  trimenm; 
of  focn-,  tetramerous  (Fig.  405) ;  of  five  (as  in  Fig.  334),  pentamerous ;  of  six,  hex- 
atnertnis ;  of  ten,  decameroua^  &c.  These  words  are  often  printed  with  figures,  as 
a-mertKis,  3-iiiennfs,  A-merma,  b-mertnu,  and  so  on. 

FIO.  358.  ParUQfaiyiiiia>titoltri«WDUifloiwr(Tm«aBBWseo»);  a,oly»;  >«coroU>; 
C,  118111008 ;  (f,  pistUfl. 

FIG.  854.  Ideal  plan  of  a  plant,  with  the  almpla  atm  tannlnaled  by  a  ijmnetrkal  piola- 
marooi  flowar;  tha diflTarant  mCs of  organa  iPpaTaled  tOMNne  distance fVom  aach  other,  toihov 
Iha  nIatiTa  aituatioa  of  theparCa;  one  of  aach,  namely,  a,  a  sepal,  6,  a  petal,  c,  a atamaa,  and 
<f,  a  pistil,  alio  ehown,  enlarged. 
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ptmtB  karesy  eombhied  tw0  b^r  two,  or  iridi  qoatenimy  verdcillate 
letneA  (2dl)  ;  either  of  which  woald  give  sets  of  parts  in  founs. 

440.  The  Altrntioa  of  the  Floral  OrgUU.  We  leam  from  obser* 
oration  that,  as  a  genend  mle,  the  parts  of  the  successive  cirdes  of 
the  flower  alternate  with  each  other.    The  five 

petals  of  the  flower  represented  in  Fig.  834,  for  ex- 
ample, are  not  oppo§ed  to  die  five  sepals  (that  is, 
situated  direetlj  above  or  belbre  them),  bnt  aker- 
naU  with  them,  that  is,  or  stand  over  the  intervals 
between  them ;  *the  five  stamens  in  like  manner  al- 
temato  witk  the  petals,  and  tihe  five  pistils  with  the 

,  as  is  shown  in  the  diagram.  Fig.  335.  The  same  is  the 
I  in  Fig.  353,  the  several  organs  of  a  fiower  with  its  parts  in 
threes ;  and  in  fact  this  is  the  rule,  the  few  exceptions  to  whicb 
have  to  be  separately  accounted  for. 

441.  This  compofts  with  the  more  usual  phjUotaxis  in  opposite 
and  vertfciUate  leaves,  where  the  successive  pairs  decussate,  w  cross 
eadi  other  at  right  angles  (251),  or  the  leaves  of  one  verticil  several-* 
\j  correspond  to  4he  intervals  of  thai  und^neath,  making  twice  as 
manj  vertioal  ranks  as  there  are  ptfrts  in  the  whori.  The  alternation 
of  the  fiond  organs  Is  thepefi>re  most  readilj  explained  on  the  assump 
tioa  that  the  several  circles  are  true  decassadng  verticils.  But  the 
inspection  of  a  flower-bad  with  the  parts  imbricated  in  lestivation 
(494)^iows  that  the  sos^eral  members  of  the  same  set  cb  not  origi-> 
nate  exactly  in  the  same  plane.  The  five  petab,  for  example,  in 
the  cross-section  of  the  pentamerens  blossom  shown  in  Fig.  335  (and 
the  same  arrangement  is  still  more  frequently  seen  in  the  calyx), 
are  so  situated,  that  two  are  exterior  in  the  bud,  and  therefore  in^ 
serted  lower  on  the  axis  than  the  rest,  the  third  is  intermediate,  and 
two  others  are  entirely  interior,  or  inserted  higher  than  the  rest  In 
&et,  they  exacUy  eovrespond  with  a  cyde  of  alternate  leaves  of  the 
qoincuncial  or  five-ranked  arrangement,  on  an  extremely  abbreviated 
axis,  or  on  a  horixontal  plane,  as  is  at  once  seen  by  comparing  the 
ground  plan.  Fig.  335,  with  ^ig.  206.  Compare  also  Fig.  355  with 
Fig.  203.  Also,  when  the  parts  4ire  in  fours,  two  are  almost  always 
exterior  in  the  bod,  and  two  interior.  Moreover,  whenever  the 
floral  envelopes,  or  the  stamens  or  pistils,  are  more  numerous,  so  as 
to  occupy  several  rows,  the  spiral  disposition  is  the  more  manifest. 
It  is  most  natural,  accordingly,  to  assume  tliat  the  calyx,  corolla, 

no.  866.    Croii  ■wttooof  thi  flower-bud  of  Fig.  SSS,  toahow  thtaHwnaUottofpTU. 
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fitiunens,  &o.  of  a  penUunerous  flower  ta:e  each  a  depressed  spiixl  or 
cycle  of  the  f  mode  of  phyllotaxis,  and  those  of  the  trimerous  flower 
are  similar  spirals  of  the^  mode.  But  then  the  parts  of  Uie  sac- 
cessive  cycles  should  he  superposed,  or  plaoed  direcdy  before  each 
other  on  the  depressed  axis,  as  leaves  are ;  whereas,  on  the  contraiji 
they  almost  always  aUemate  with  each  other  in  the  flower. 

442.  To  reconcile  this  alternation  with  the  laws  of  phyllotaxis  in 
alternate  leaves,  Prof.  Adrien  de  Jussieu  has  advanced  an  ingenious 
hypotliesis.  He  assumes  the  i^|  spiral  arrangement  as  the  basis  of 
the  floral  structure  both  of  the  trimerous  and  pentlEunerous  flower^ 
(at  least  when  the  envelopes  are  imbricated  in  tlie  bud,)  this  being 
the  one  that  brings  the  successive  parts  most  nearly  into  altematioo, 
either  in  threes  or  in  fives ;  as  will  readily  be  observed  on  inspeotioQ 
of  the  tabular  projection  of  that  mode,  given  on  page  139.  The  dif> 
ference  between  the  position  of  parts  in  regular  alternation,  whether 
in  threes  or  fives,  and  that  assigned  by  an  accurate  spiral  projection 
of  the  i^j  mode,  is  very  slight  as  respects  most  of  the  organs,  and  in 
none  does  the  deviation  exceed  one  thirteenth  of  the  circumference ; 
•^  a  quantity  which  becomes  nearly  insignificant  on  an  axis  so  anaU 
as  that  of  most  flowers.  Moreover,  if  the  interior  oi^gans  of  a  regular 
and  symmetrical  flower  were  thus  to  originate  in  the  bud  nearly  in 
alternation  with  those  that  precede  them,  they  would  almost  neoessa* 
rily  be  crowded  a  little,  as  they  develop,  into  the  position  of  least  pres* 
sure,  and  thus  fidl  into  these  intervals  with  all  the  exactness  that  is 
actually  found  in  nature.  For  in  livmg  bodies,  endowed  as  they  are 
with  plasticity  and  a  certain  power  of  adaptation  to  circumstanoesi 
the  positions  assumed  are  not  mathematically  accurate;  and  the 
eflect  of  unequal  pressure  in  the  bud  in  throwing  the  smaller  parts 
more  or  less  out  of  their  normal  position  may  be  observed  in  ahnost 
any  irreguhur  flower.  Moreover,  in  all  the  forms  of  phyllotaxis 
from  i^j  onwards,  it  is  doubtful  whether  what  we  term  vertical  ranks 
are  exactly  superposed.  In  tracing  them  upward  to  some  extent, 
we  perceive  indications  of  a  curviserial  arrangement,  where  the 
superposition  is  continually  approximated,  but  is  never  exactly  at- 
tuned (248),  Lestibudois*  has  revived  the  older  hypothec  of 
Jussieu,  and  others ;  yiz»  that  a  second  spiral  is  introduced  with  the 
petals  and  continued  in  the  pistils.  And  Schimper  and  Braun  im* 
agine  a  cliange  of  half  the  angular  divergence  (proseniheiis)  to  occur 

*  In  Annaltt  Jet  Sciencet  Naturdlea,  ser.  4,  Vol.  2,  p.  826. 
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M  paining  from  one  cycle  to  the  next ;  —  which  is  rather  describing 
the  Rnomaly  in  other  words  than  exphiining  it 

448.  IVhether  we  regard  the  floral  circles  as  decussating  verticiH 
or  as  C3ncle8  of  alternate  leaves  in  some  way  altered  as  to  their  sue* 
eession,  we  cannot  fail  to  discern  an  end  attained  by  such  arrange* 
ment,  namely,  a  disposition  of  parts  which  secures  the  greatest  econ- 
omy of  space  on  an  abbreviated  axis,  and  the  greatest  freedom  from 
miitmd  pressure. 

444.  Podtkm  of  flw  FItrwer  u  mpeets  the  lib  and  sifctendlng  Braet 

An  axillary  flowers  are  situated  between  a  leaf  and  the  stem,  or, 
which  is  the  same  thing,  between  a  bract  and  the  axis  of  inflores* 
oenee.  These  two  fixed  points  enable  us  to  indicate  the  relative 
position  of  the  parts  of  the  floral  circles  with  precision.  That  part 
of  the  flower  which  lies  next  the  leaf  or  bract  from  whose  axil  it 
iirises  is  said  to  be  mtlenor,  or  tn/eriar  (lower)  :  that  which  is  dia- 
metrically (Opposite  or  next  the  axis  is  poiienar,  or  superior  (upper).* 


h  is  important  to  notice  the  relative  position  of  parts  in  this  re* 
spect  This  is  shown  in  a  proper  diagram  by  drawing  a  section 
of  the  bract  in  its  true  position  under  the  section  of  the  flower** 
bod,  as  in  Fig.  858 :  the  position  of  the  axis  is  necessarily  dltL* 
metrically  opposite,  and  its  section  is  sometimes  indicated  by  a  dot 
or  small  circle.    In  an  axillary  flower  with  the  parts  in  fours,  one  of 


*  As  if  these  were  not  terms  enough,  sometimes  the  or^n,  or  side  of  the 
flower,  which  looks  towards  the  bract,  is  likewise  called  exterior,  and  the  organ 
or  side  next  the  axis,  interior;  hut  these  terms  should  be  kept  to  designate  the 
idatife  positioa  of  the  memben  of  the  flond  drelet  in  nstiyation  (494). 

no.  8S6.  INagrunofaCradferoQsflower(Br78liniim);  a,theazif  of  Inflonsoence.  (Tb« 
Uiet  b  aborliv«in  Uito,  M  In  moet  pkati  of  thli  fiunlly.) 

no.  857.  INagnon  of  a  iloww  of  a  Rhus,  with  the  axlS|  a,  tod  tb«  biaet,  b,  to  show  the 
nkiht  podtSoo  ofpftHi. 

no.  86S.    DIagrMi  orafl<m«r  of  the  Pulse  tribe:  a,  the  axis,  and  ft,  the  braot 


Digitized  by 


Google 


"SSS  THE  FLOWEB. 

-the  sepals  will  be  fttiterknr,  one  posterier,  and  two  lateral,  or  ri^ 
and  led ;  as  in  the  annexed  diagram  of  a  Crodfetoos  blossom  (¥ip 
356) ;  while  the  petals^  alternating  with  the  sepids,  consist  of  an 
anterior  and  a  posterior  pair ;  and  the  stamens,  again,  stand  belbre 
4he  sepals.  An  axillary  flower  of  five  paits  will  hKve  either  one 
sepal  superior  or  posterior  and  two  inferior  or  anterior  (as  in  Rhm^ 
Pig.  857),  or  else,  vice  verra,  one  inferior  and  two  saperk>i!!,  as  in 
Papilionaceous  flowers  (Fig.  858) :  in  both  cases  the  two  remaining 
sepals  are  lateral  The  petals  wiU  consequentlj  stand  one  superior, 
two  inferior,  and  two  lateral,  in. the  lastniamed  case;  and  one  in- 
ferior, two  superior,  and  two  lateral,  in  the  former.  In  terminal 
flowers  (401),  the  position  of  parts  in  rtopeet  to  tiie  uppenaost 
leares  or  bracts  should  be  noted. 


Sect.  IV.    The  Various  Modifigatioks  of  the  Fuowksl 

445.  The  complete  and  symmetrical  flowers,  with  all  their  organs 
in  the  most  normal  state,  that  have  now  been  considered,  will  serve 
as  the  type  or  pattern,  with  which  we  may  compare  the  almost  num* 
beriess  variety  of  forms  which  blossoms  exhibit,  and  note  the  char* 
acter  of  the  differences  observed.  We  proceed  upon  the  supposi- 
tion, that  all  flowers  are  formed  upon  a  common  plan, — a  plan 
essentially  the  same  as  that  of  the  stem  or  branch,  of  whidi  the 
flower  is  a  modified  continuation,  —  so  that  in  the  floWer  we  are  to 
expect  no  organs  other  than  those  that,  whatever  their  Ibrtn  and 
oflke,  answer  either  to  the  axis  or  to  ^e  leaves ;  so  that  the  difler* 
ences  between  one  flower  and  another  are  to  be  explained  as  cir^ 
oumstantial  variations  of  one  fundamental  pka,  —  variatioiis  for  the 
most  part  analogous  to  those  which  occur  ia  the  cH*gans  <^  vegeta- 
lion  themselves.  Havii^  assumed  tiie  ^fpe  which  represents  our 
conception  of  the  most  complete,  and  at  the  same  time  the  simplest 
flower,  we  apply  it  to  all  the  cases  which  present  themselves,  and 
especially  to  those  blossoms  in  which  the  structure  and  symmetry 
are  masked  or  obscured;  where,  like  the  disenchanting  spear  of 
Ithuriel,  its  application  at  once  reveak  the  real  eharaeter  of  the  mosl 
disguised  and  complicated  forms  of  structure. 

446.  Our  pattern  flower  consists  of  four  circles,  one  of  eaic^  kind  of 
floral  organ,  and  of  an  equal  number  of  parts,  successively  alternate 
ing  with  one  another.    It  is  complete^  having  both  calyx  and  coroUa» 
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MA  wen  as  stamens  and  pistils  (416)  ;  ti^mmetrical^  havings  an  equal 
Bomber  of  parts  In  the  saocessive  wJtiorls  (43G)  ;  regular^  in  haying 
the  different  members  of  each  circle  all  alike  in  size  and  shape ;  it 
has  bat  one  circle  of  the  same  kind  of  organs ;  and,  moreover,  all  the 
parts  are  distinct  or  unconnected,  so  as  to  exhibit  their  separate 
origm  from  the  axis  or  receptacle  of  the  flower^  This  type  maj  be 
presented  under  either  of  the  four  numerical  forms  which  have  been 
illustrated.  That  is^  its  circles  may  consist  of  parts  in  twos  (when 
it  is  hinfitry  or  dimerou$)j  threes  {ternary  or  inmerous),  fours  (qua" 
Umary  or  tetrameroui)y  <»*  fives  {qtUnary  or  pentamerotui).  The 
first  of  these  is  the  least  common ;  the  trimerous  and  the  pentame- 
ions  far  the  piost  so.  The  last  is  restricted  to  Dicotyledonous  plants, 
where  five  is  the  prevailing  number;  while  the  trimerous  fiower 
largely  prevails  in  Monocotyledonous  plants^  although  by  no  means 
wanting  in  the  Dicotyledonous  dass,  from  which  Fig.  353  is  taken. 

447.  The  principal  deviations  from  the  perfectly  normal  or 
pattern  fiower  may  be  classified  as  follows.  Tliey  arise,  either 
fttjm,' — 

.    1st.  The  production  of  additional  circles  of  one  or  more  of  the 

fioral  organs  {regular  mykipUeaUon  or  auymentatimi)  ; 

:    2d.  The  production  of  a  pair  or  a  cluster  of  organs  where  there 

should  normally  be  but  one,  that  is,  the  multiplication  of  an  organ 

by  division  {ahwmud  nwUiplieaiicn,  also  termed  dedujdicaiion  or 

ckarins)  ; 

■    3d.  The  anieponUon  (or  opposition,  instead  of  alternation)  of  the 

parts  of  successive  cirdes ; 

L  ..4th.  The  union  of  the  members  of  the  same  circle  {noakseenee)  } 

5th.  The  union  of  adjacent  parts  of  different  circles  {adnation)  ; 

6th.  The  unequal  growth  or  unequal  union  of  different  parts  of 
the  same  circle  (irregularity)  ;'or, 

7th.  The  non-production  or  abortion  of  some  parts  of  a  circle^  or 
of  one  or  more  complete  circles  {eupprtmon  or  abortiony, 

8th.  To  which  may  be  added,  the  abnormal  development  of  the 
receptacle  or  axis  of  the  fiower. 

448.  Some  of  these  deviations  interfere  with  the  symmetrical 
structure  of  the  fiower;  others  merely  render  it  irregular,  or  dis* 
guise  the  real  origin  or  the  real  number  of  parts.  These  deviations^ 
moreover,  are  seldom  single ;  but  two,^  three,  or  more  of  the  kinds  fire^ 
quently  co-exist,  so  as  to  realize  almost  every  conceivable  variation. 

449.  Several  of  these  kinds  of  deviation  may  oflen  be  observed 
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even  in  the  same  natural  familj  of  plants,  m^here  it  cannot  be  doubt* 
ed  that  the  blossoms  are  constructed  upon  a  common  pkm  Iq  all  the 
apecies.    Even  in  the  ^Eunilj  Crassulaceie,  lor  example,  where  liie 
flowers  are  remarkablj  symmetrical,  and  fton 
^  which  our  pattern  flowers,  Fig.  834  and  dad, 

are  derived,  a  considerable  number  of  these  di* 
versities  are  to  be  met  with.  In  Crassula,  we 
have  the  completely  symmetrical  and  simpk 
pentamerous  flower  (Fig.  359,  860),  >iz.  with  a 
calyx  of  Ave  sepals,  a  corolla  of  five  petals  akee* 
nate  with  the  former,  an  andnccium  (418)  of 
Ave  stamens  alternating  with  the  petals,  and. a 
gynsBcium  (419)  of  five  pistils,  which  are  alter* 
nate  with  the  stamens ;  and  all  the  parts  an 
regular  and  symmetrical,  and  also  distine^  and 
free  from  each  other ;  except  that  the  sepals  aze 
somewhat  united  at  the  base,  and  the  petals  and 
no  stamens  slightly  connected  with  the  inside  of  the 

calyx,  instead  of  arising  directly  from  the  reo^ 
tacle  or  axis,  just  beneath  the  pistils*  Five  is  the  prevailing  of 
normal  number  in  this  family.  Nevertheless,  in  the  related  genus 
Tillaaa,  most  of  the  species,  like  ours  of  the  United  States,  have 
their  parts  in  fours,  but  are  otherwise  similar,  and  one  common 
European  species  has  its  parts  in  threes  (Fig.  853)  ;  that  is,  one  or 
two  members  are  left  out  of  each  cirde,  which  of  course  does  not  in- 
terfere with  the  symmetry  of  the  blossom.  So  in  the  more  conspio^ 
uous  genus  Sedum  (the  Stonecrop,  Live-for-ever,  Orpine,  &c),  some 
species  have  their  parts  in  fives ;  othera 
in  fours ;  and  several,  like  our  S.  ter- 
natura,  have  those  of  the  first  blossom 
in  fives,  but  all  the  rest  in  fours.  But 
Sedum  also  illustrates  the  case  of  reg* 
ular  augmentation  (447, 1st)  in  its  an* 
droecium,  which  consists  of  twice  as 
many  stamens  as  there  are  m^bers 
in  tlie  other  parts ;  that  is,  an  addi-  ^ 

tional  circle  of  stamens  is  introduced  (Fig.  861),  the  members  of 
which  may  be  distinguished  by  being  shorter  or  a  little  later  tiiaa 


no.  869.    riower  of  a  Cnntula.    880.  Crom-ieetion  of  the  bad. 
FIQ.  861.    Flower  ofa  Sedum  or  Stonecrop. 
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(hose  of  the  primaiy  eirck,  and  by  their  alternation  with  these, 
which  brings  them  directly  opposite  the  petals.  A  third  genus 
(Rochea)  exhibits  the  same  pentamerous  and  normal  flower  as  Cras* 
sola,  except  that  the  contigaous  edges  of  the  petals  slightly  cohere 
about  half  their  length,  although  a  little  force  suflioes  to  separate 
ihem :  in  another  (Grammanthes,  Fig.  362),  the  petals  are  firmly 
onited  into  a  tube  for  more  than  half  their  lengtli,  and  so  are  the 
sepals  likewise;  illuslrating  the  fourth  of  the  deviations  above 
enumerated  (447).  Next,  the  allied  genus  Cotyledon  (Fig.  363) 
exhibits  in  the  same  flower  both  this  coalescence  of  similar  parts, 
tead  an  additional  circle  of  stamens,  as  in  Sedum.  It  likewise  pre- 
sents the  next  order  of  deviations,  in  the  union  (adnation)  of  the 
base  of  its  stamens  to  the  base  of  the  corolla,  out  of  which  they  ap- 
parently arise,  as  is  seen  in  Fig.  364,  where  the  corolla  is  laid  open 
and  displayed.  The  pistils,  although  ordinarily  exhibiting  a  strong 
tendency  to  unite,  are  perfectly  distinct  in  all  these  cases,  and  in- 
deed throughout  the  order,  with  two  exce'(>tions ;  one  of  which  is 
seen  in  Penthorum,  where  the  five  ovaries  (Fig.  365)  are  united 
below  into  a  solid  body,  while  their  summits,  as  well  as  the  styles, 
are  separate.  The  same  plant  also  furnishes  an  example  of  the  non- 
production  (or  9Uppre$sion)  of  one  set  of  organs,  that  of  the  petals ; 
winch,  ahhough  said  to  exist  in  some  specimens,  are  ordinarily  want- 
ing altogether.  Another  instance  of  increase  in  the  number  of  parts 
occurs  in  the  Houseleek  (Sempervivum),  in  which  the  sepals,  petals, 
and  pistils  vary  in  diflferent  species  from  six  to  twenty,  and  the  sta- 
mens irom  twelve  to  forty. 


450.  Some  illustrations  of  the  principal  diversities  of  the  floweiv 

no.  881    Tlowar  <»r  GnmoMBtlwt.    333.  Ttower  of  a  Cotyledon.    864.  TIm  eoroll*  laid 
«pm,  iliowiiig  the  two  mws  of  ftammu  Inserted  into  It.    d6&.  The  fire  pUtili  of  Pentborom, 
308.  A  croMHMction  of  the  auno. 


21 


Digitized  by 


Google 


243  THB  FliOWEIU 

ns  classified  above  (447),  may  be  dmwn  at  fandem  from  diifefeni 
fHinilied  of  plants.;  and  modt  of  the  tedmical  terms  necessarily  eia* 
ployed  in  describing  those  modifications  may  be  introduced^  and 
expUiined,  as  we  proceed*  The  multi^cation  of  parts  i»  nsually  in 
coni^equence  of  the 

451.  AugmcntaUill  ef  tke  Floril  Chrdet.  An  increased  number  of 
circles  or  parts  of  all  tlie  floral  oi*gans  occurs  in  the  Magnolia 
family ;  where  the  floral  envelopes  occupy  three  or  four  rows,  of 
three  leaves  in  each,  to  be  divided  between  the  calyx  and  corolla, 
while  the  stamena  and  pistib  are  very  numerous,  and  compactly 
arranged  on  the  ctkngated  receptacle.  The  Custard-Apple  fiunily, 
which  is  much  like  the  last,  has  also  two  circles  in  the  coroUa,  three 
petals  in  each,  a  great  increase  in  the  number  of  stamens,  and,  in 
our  Papaw  (Fig.  654),  sometimes  only  one  circle  of  pistils^  viz. 
three,  sometimes  twice,  thrice,  or  as  many  as  five  times  that  number* 
The  Water-Lily, .  likewise,  has  all  its  parts  augmented,  the  flonl 
envelopes  and  the  stamens  especially  occupying  a  great  number  of 
rows ;  and  the  pistils  are  likewise  numerous,  although  their  number 
}»  disguised  by  being  united  into  one  body.  When  the  6q>als,  petals, 
or  other  parts  of  tlie  flower  are  too  numerous  to  be  readily  counted, 
or  even  exceed  twelve,  especially  when  the  number  is  inconstant,  as 
it  commonly  is  in  such  cases^  they  are  said  to  be  indefiniU;  and 
a  flower  with  numerous  stamens  is  also  termed  pofyandrous, 

452.  When  such  multiplication  of  the  floral  circles  is  perfectly 
regular,  the  number  of  the  organs  so  increased  is  a  multiple  of  that 
which  forms  the  basis  of  the  flower ;  but  this  could  scarcely  .be  de- 
termined wh^n  the  numbers  are  large,  as  in  the  stamens  of  a  Butter- 
cup, for  example,  nor  is  there  much  constancy  when  the  whorls  of 
any  organ  exceed  three  or  four.  Tlie  doubling  or  trebling  of  any 
or  all  the  floral  circles  does  not  interfere  with  the  symmetry  of  the 
flower ;  but  it  may  obscure  it  (in  the  stamens  and  pistils  especiall}), 
by  the  crowding  of  two  or  more  circles  of  five  members  into  what 
appears  Uke  one  of  ten,  or  two  trimerous  circles  into  what  appears 
like  one  of  six.    The  latter  case  occurs  in  most  Endogenous  phuits. 

453.  The  production  of  additional  floral  circles  may  account  for 
most  cases  of  increase  of  the  normal  number  of  organs,  but  not  for 
all  of  them.  It  must,  we  think,  be  admitted  that  certain  parts  of  the 
blossom  are  sometimes  increased  in  number  by  the  production  of  a 
double  organ,  or  a  pair  or  a  grmtp  o/orgam  which  oeet^  thepbee 
jff  one  ;  nmnely,  by  \Vhat  has  lieen  termed 
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454.  Chorisil  or  Dedoplication.  Tlie  name  didoubhmeni  of  Duiu^ 
which  has  been  translated  dedupHcatian^  literally  means  unlimng  ; 
the  original  hypothesis  being,  that  the  organs  in  question  unliney  or 
tend  to  separate  into  two  or  more  layerd,  each  having  the  same 
structure.  We  may  employ  the  word  deduplicaiionj  in  the  sense 
of  tile  doubling  or  multiplicatiou  of  the  number  of  parts,  without 
adopting  this  hypothesis  as  to  the  nature  of  the  process,  which  at 
best  can  well  apply  only  to  s^wne  special  cases.  The  word  chorins 
(x^^ungy  the  act  or  state  of  separation  or  multiplication),  also  pro- 
posed by  Dunal,  does  not  involve  any  soch  assumptbn,  and  is  ac- 
cordingly to  be  preferred.  By  regular  multiplication,  therefore,  we 
mean  the  augmentation  of  the  number  of  organs  through  the  de- 
ve]q>ment  of  additional  circles  ;  which  does  not  alter  the  symmetry 
of  the  flower.  By  chorisis  w^  denote  the  production  of  two  or  more 
organs  in  the  place  of  one,  in  a  manner  analogous  to  the  division  of 
the  blade  of  a  leaf  into  a  number  of  separate  blades,  or  leaflets. 

^455.  Chorisis,  or  the  division  of  lUi  organ  into  a 
pair  or  a  cluster,  may  take  place  in  two  ways. 
In  one  case  the  parts  or  organs  thus  produced 
stand  one  before  the  other ;  in  the  other  case  they 
stand  side  by  side.  The  fh*st  is  tiamed  trmumtrse 
thorint ;  the  second,  collateral  ehorisit.  Both 
must  evidently  disturb  or  disguise  the  normal 
symmetry  of  the  blossom. 

456.  Csllateral  Chorisis  is  that  in  respect  to 
which  there  is  least  doubt  as  to  the  nature  of  the 
process.  We  have  a  good  example  of  it  in  tlie  • 
tetradynamout  stamens  (519)  of  the  Mustard  or 
Cress  fiunily  (Fig.  406).  Here,  in  a  ^wer  with 
a  symmetrical  tetramerous  calyx  and  corolla,  we 
have  six  stamens ;  of  which  the  two  lateral  or 
shorter  ones  are  alternate  vdi\k  the  adjucent 
petals,  as  they  normally  should  be,  while  the  four  ^ 

are  in  two  pairs,  one  pair  before  each  remaining  interval  of  the 
petals ;  as  is  shown  in  the  annexed  diagram  (Fig.  d67).  Tliat  is, 
on  the  anterior  and  on  the  posterior  side  of  the  flower  we  have  two 
atamens  where  there  normally  should  be  but  a  single  one,  and  where, 

no.  367.    Phgium  of  it  (tttr>dyiMMn<mi)  flowwr  of  th»<»rdfr  €fiidfcn». 
FIO.  868.    Flow«r  of  StreptanUiaf  hyaclDtboidc*,  from  T«iu  (the  sqwlg  end  ttameaui  «»• 
Btovsd^  thawing  a  forked  or  double  ttamea  in' place  of  Um  anterior  pclv*  % 
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indeed,  there  is  but  one  in  a  few  plants  of  this  family.    Now  it  oc- 

casiooally  happens  that  the  doubling  of  this  stamen  is,  as  it  were, 

arrested  before  com- 
pletion, so  that  in 
place  of  two  stamens 
we  have  a  forked  fila- 
ment bearing  a  pair 
rf  anthers;  as  fre- 
quently happens  in 
some  species  of  Strep- 
tanthus  (Fig.  368). 
Here  the  two  stamens 
in  place  of  one  may 
be  compared  with  a 
compound  leaf  of  two 
leaflets.  In  the  re- 
lated Fumitory  fam- 
ily three  stamens  reg- 
ularly appear  in  the 
place  of  one.  The 
circles  of  the  flower 
are  in  twos  through- 
•"  ••  out ; .  viz.    there   m, 

first,  a  pair  of  small  scale-like  sepals ;  alternate  with  these,  a  pair 

of  petals,  which,  in  Dicentra,  Ac  (Fig.  369-871),  are  saccate  or 

spurred  below ;  alternate  and  within  these 

is  a  second  pair  of  petals  (Fig.  372)  ; 

alternate  with  these  are  two  clusters  of 

three  more  or  less  united  stamens,  which 

plainly  occupy  the  place  of  two  single 

stamens.     The  arrangement  of  parts  is 

shown   in  the   annexed  diagram   (Fig. 

373)  ;  where  the  lowest  line  indicates  the 

subtending  bract,  and  therefore  the  anterior  side  of  the  blossom; 

the  two  short  lines  in  the  same  plane  represent  the  sepals ;  the  two 

no.  aeO.    INeMtmOiiminsilaCIMBkmnVBmeiiMKiHthltsMnd^ 
irapo  in  floww  i  ndneed  in  ilis.    870.  A  flower  of  Um  natanl  ilao.    871.  The  moM,  with  tht 
ptrto  Mparatod,  ezetpt  the  Mpab,  cm  of  wliich  U  mm  at  Um  Imm  of  Uie  ptotiL    871  Tb* 
iuMT  pair  of  petali,  with  thtir  tips  eobereot. 

ria  878.    Diagnm  (eroM-Metion)  of  the  eimilar  flower  of  Adlomla.    874.  Out  of  the  sift- 
mens  inyeMed  into  thcee  b/  chorids  (the  lower  part  of  the  oommoa  filament  ii  cut  awv)> 
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next  within,  the  lateiid  and  exterior  petals ;  those  alternate  and 
within  these,  the  inner  circle  of  petals ;  and  alternate  with  these  are 
the  anthers  of  the  two  stamen-clusters.  The  centre  is  oceupied  by 
a  section  of  the  pistil,  which  consists  of  two  united.  The  three  sta- 
mens are  lightly  connected  m  Dicentra  (Fig.  371) ;  hut  in  Corydalis 
juid  Adlumia  tk<ire  is  onlj  one  strap-shaped  filament  on  each  side, 
which  is  three-forked  at  the  tip,  each  fork  hearing  ah  antlier  (Fig. 
374).  We  have  a  sunilar  case  in  some  Hyperieums  and  in  Elodea 
(Fig.  375),  except  that,  while  the  floral  envelopea  are  in  fives,  the 
circles  within  them  are  commonly  in 
Uirees.  The  three  members  of  the 
andrcccium  are  normally  placed,  alter- 
xiating  with  the  three  members  of  the 
gynsQcium  within,  and  also  with  three 
glands,  which  probably  replace  another 
circle  of  stamens.  I^ow  each  real 
stamen  is  here  multiplied  into  three,  *" 

united  below ;  so  that  the  whole  compound  body  may  be  viewed  ar 
homologous  with  a  compound  trifbliokte  leaf  (289).  If  this  be  so^ 
then  each  cluster  of  numerous  stamens  in  the  common  St.  Johns- 
wort  may  be  regarded  as  answering  to  one  stamen  greatly  multiplied 
in  the  same  way,  and  as  analogous  to  a  sessile  decompound  leaf. 
And  the  same  may  be  said  of  each  stamen-cluster  in  the  Linden 
(Fig.  383).  The  actual  development  of  the  cluster,  from  a  protu- 
berance which  in  the  forming  fk)wer-bud  occupies  the  place  of  a 
Bingle  stamen,  has  been  traced  by  Duchatre,  Payer,  &c.  in  this  and 
other  cases. 

457.  Thus  far  we  are  sustained  by  a  clear  analogy  in  the  organs 
of  vegetation.  As  the  leaf  frequently  develops  in  the 
form  of  a  lobed,  divided,  or  compound  leaf,  —  that  is,  as 
a  cluster  of  partially  or  completely  distinct  organs  from 
a  common  base, — so  may  the  stamen,  or  even  the  pistil, 
become  compound  as  it  grows,  and  give  rise  to  a  clus- 
ter, instead  of  completing  its  growth  as  a  solitary  organ : 
and  it  appears  tliat  the  organogeny  is .  strikingly  sim- 
ilar in  the  two  cases.  Nor  is  it  very  unusual  for  petals  to  become 
divided  or  deeply  lobed  in  the  same  manner ;  as,  for  example,  those 

TTQ.  875.    Dfagram  (eron-Mctioti)  of  a  flower  of  ElodM  Vlrgliika.    876.  Om  of  the  Vum 
•tmnen-cloften,  coosiating  of  a  trebled  stamen,  onlarsed. 
FIQ.  877.    A  petal  of  Mlgnonettt ,  enlarged. 
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of  Mignonette  (Fig.  877).  In  certain  cases  an  analogoos  Avinott 
takes  plaoe  in  the  opposite  direction^  so  that  the  parts  or  lohes  are 
situated  one  befoie  the  other.  An  indication  of  this  is  also  aiaBi- 
fest  in  the  petals  of  Mignonette^  the  lower  part  or  broad  daw 
of  which  is  slightly  extended  at  its  summit,  on  eack  side*  beyond 
the  origin  of  the  Bian7<K)lefi  limb  or  blade.  Division  in  this  direo* 
tion  has  been  termed 

458.  Trusfene  sr  Tertieal  Cboriiii,  The  most  &miliar  case  is  that 
of  the  erounij  or  small  and  mostly  two-lobed  i^ 
pendage  on  the  inside  of  the  blade  of  the  petals 
of  Silene  (Fig.  878)  and  of  many  other  Caryo- 
phyllaceous  plants.  Tliis  is  more  like  a  case  of 
real  didouhUnient  or  unlimngy  i.  e.  a  partial  sepa- 
ration of  an  inner  lamella  from  the  outer,  and 
perhaps  may  be  so  yiewed.  Stamens  sometimes 
bear  a  similar  and  more  striking  appendage,  as 
in  Larrea,  for  example  (Fig.  879),  and  most 
^other  plants  of  the  Guaiacum  family ;  also  in  the     "* 

Dodder  (Fig.  1044).    Let  it  be  noted  that  in  all  soch 

cases  the  appendage  occupies  the  inner  side  of  the  petal 

or  stamen,  and  that  it  is  commonly  two-lobed.    Agaii^ 

before  each   petal  of  Pamassia   (Fig.  881),  although 

slightly  if  at  all  united  with  it,  is  found  a  body  which  in 

P.  palustris  is  somewhat  petal-like,  with  a  considerable 

number  of  lobes,  and  in  P.  Caroliniana  is  divided  almoit 

*"       to  the  base  into  three  lobes,  which  look  much  like  abortive 

stamens.    The  true  stam- 

ineal  circle,  however,  oc« 

cupies    its    proper    place 

withm    these     ambi^ous  //^^^^^^^ 

bodies,  alternate  with  the  ^^ 

petals.    We  cannot  doubt  i     '|  \V^c-,vOw/^ 

that  the  former  are  of  the  ' 

same  nature  as  the  scale 
of  the  stamens  in  Larrea, 
and  the  crown  of  the  petals  **  *" 

no.  878.    A  petal  of  SlIeiM  PMinsylTaoioa,  with  its  ermm  oc  •ppMMkfli. 

FIO.  379.  A  ftUMn  of  Larrea  Mexicaoa,  with  a  icale-Uke  appeadajse  cohering  with  ita  baae 
OQ  the  Inner  aide. 

FIO.  880.  Diagram  (eron-iieetfon)  of  the  flower  of  Pamaasia  CaroUnlana.  881.  A  petal, 
with  the  appendage  that  atanda  befoie  it. 
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of  Silene;  and  w«  incline  to  cmisider  the  aocesmty  boclj  in  suck 
C&M9  as  homologoos  with  the  stipules  of  the  lea£* 

45$.  It  may  also  be  noticed,  that,  while  in  collateral  ohoridis  tlie 
increased  pnits  are  usuallj  all  of  the  same  nature,  like  so  many 
similar  leaflets  of  a  compound  leaf,  in  what  ii  called  transverse  cho^ 
rifis  there  is  seldom  such  a  division  into  homogeneous  parts ;  but  the* 
original  organ  remains,  as  it  were,  intact,  while  it  bears  an  append- 
a^  of  some  diflferent  i4>pearance  or  ibnction  on  ita  inner  face,  or 
at  its  base  on  that  side.    Thus  the  stamens  bf  Lairea,  &c.  bear 


*  For  fuller  ilhistnUions  of  these  theoretical  points,  the  stndont  is  referred  to 
the  figures  and  text  of  T^  Cemra.  of  the  United  States  Fhra  lllttgtrated,  cspe- 
ciallj  a»  VoL  2.  —  An  able  writer  in  Hooker's  Journal  ofBotoftjf  tmd  Kew  Garden 
MimxUany^  Vol.  1,  p.  360,  (with  whom  we  are  in  accord  as  to  the  nature  of  coU 
iaimd  chorisis,)  **  being  toudlj  at  a  k>S8  to  find  anything  analogous  in  the 
ordinaij  stera-leares  "  tot  this  transreise  or  vertical  moltiplication  of  parts,  in* 
dines  to  consider  such  appendages  as  those  of  the  petals  of  Silene,  Sapindus, 
Rananculns,  &c  as  deformed  glands,  and  the  stamens  thus  situated,  whether 
singly  or  in  clnsters,  as  developments  of  new  parts  in  the  axil  of  the  petals,  &c 
U  appears  to  us,  however,  that  the  leaves  do  furnish  the  proper  analogue  of 
sack  appendages  ^b  tkoaeof  Fig.  378-381,  and  Che  similar  petak>i<l  scales  of 
Sapindacea^  £i3^roxy]csey  aad  the  Uke,  in  the  iigide  of  Gnmes,  and  the  stip> 
nka.  The  former  occupies  exactly  die  same  positkm.  The  latter  form  an 
esseatial  part  of  the  leaf,  and  usually  develop  in  a  plane  parallel  with  that  of 
the  blade,  bat  between  it  and  the  axb ;  particularly  when  they  are  of  consider- 
able size,  and  serve  as  teguments  of  the  bud,  as,  for  cxamplejn  Magnolia  (FSg. 
156).  The  combined  mtrapetioliir  stipules  of  Melianthns  furnish  a  case  in 
point,  to  be  compared  with  the  two4obcd  internal  scale  of  the  stamens  in  Lar- 
rea,  the  two-deft  adnate  appendage  of  the  petals  in  Carvophyllcs^  Sapindus, 
iuc ;  and  instances  of  cleft  or  appendagcd  stipules  may  readily  be  adduced  to 
show  that  such  bodies  are  as  prone  to  multiplication  hy  division  as  other  foliar 
parts.  The  supposition  of  a  true  axillary  origin  of  the  organs  in  question, 
therefore,  appears  to  be  gratuitous,  and  it  would  certainly  introduce  needless 
oomplextty  into  the  theory  of  the  flower.  Nor  does  it  throw  any  light  upon 
their  morphology  to  call  such  appendages  of  petals  "  doformed  glands  '* ;  a  term 
which  is  much  too  vague  to  have  any  assignable  morphological  value.  In 
linnm  true  stipules  are  reduced  to  glands.  At  present,  therefore,  wc  think  that 
the  same  general  name  may  properiy  enough  be  employed  both  for  the  coUatcnil 
aad  the  vertical  multiplication  of  oigans,  where  two  or  more  bodies  occupy  the 
place  of  one,  carefully  distingubhing,  however,  the  two  diflvrcnt  coses.  Somo 
special  term  is  needful  for  discriminating  between  such  multiplication  and  that 
by  the  regular  augmentation  of  floral  oigans  through  the  development  of  addi> 
tional  drcles,  and  none  the  less  so,  because  wo  recognize,  in  one  or  both  kinds. 
of  cWiJis,  modes  of.  division  which  are  conunon  to  the  floral  oigons  and  to  tho^ 
foliage. 
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a  scale-like  appendage;  the  petals  of  Sapindiu,  CardiospeniuiBiy 
&c^  a  petalotd  scale  quite  ualike  the  original  petal ;  the  petab  •( 
Pamassia,  a  cluster  of  bodies  resemWng  ateriie  filaments  mnlei 
below. 

460.  The  IntipOiitfel  or  $itperp<mHcn  of  parts  which  penMllj 
alternate  in  tlie  flower  has  in  some  cases  been  regarded  as  a  case  of 
transverse  chorisis ;  bufe  it  is  susceptible  of  a  simpler  explaaatiott. 
The  principal  case  that  occurs  is  that  of  the  Btamens,  or  the  outer* 
most  circle  of  stamens,  being  placed  directly  before  the  petals 

(in  ordinary  botanical  kn^  . 
guage  appotite  the  petals). 
The  Vine  (Fig.  384-886) 
and  tlie  Buckthorn  families 
are  good  examples  of  this 
anomaly,  as  also  is  Clay- 
tonia  in  the  Purslane  hat* 
"*  ■"  Jly.    And  in  Linden  and 

many  of  its  allies  a  cluster  of  stamens  (Fig.  382,  383)  stands  be- 
fore each  petal,  the  American  Lindens  "*  "• 
having  .also  a  petal-like  scale  in  the 
centre  of  every  cluster.  The  dusters 
must  be  \dewed  as  multiplications  of 
single  stamens  by  collateral  chorisis. 
The  position  of  the  stamens  before 
the  petals  in  these  cases,  as  well  as 
that  of  the  numerous  petals  in  certain 
double  Camellias,  arranged  through- 
out in  ^\e  vertical  ranks,  is  most 
readily  explained  by  supposing  a  re- 
turn to  the  regular  ^  or  five-ranked 
phyllotaxis  of  leaves  (240).                                         tsi 

461.  In  the  genuine  Geraniinn  (Fig.  421)  the  position  of  the  outer 
of  the  two  sets  of  stamens  before  the  petals  ei-idently  results 
fix)m  the  abortion  of  an  exterior  circle  (486)  ;  and  perliaps  this  is 
the  case  in  the  Primrose  family  alsa  In  the  Barberry  family  there 
IS  an  apimrent  anteposition  of  the  sepals,  petals,  and  stamens  through- 
no.  882.    DUgmm  of  the  flower  of  the  American  Uoden,  In  ft  eroM-seetkm  of  the  bod. 

888.  A  cluster  of  f  tamenf  witii  the  petal-like  bodj  In  the  uiadle. 

FIG.  884.    Flower  of  the  Grape,  casting  iii  petala  before  expanidon.    885   The  aaoie,  wtth- 
tNit  the  petals:  both  ihow  the  ffUnds  diatinctljr,  within  the  Btamene.    886.  IMagnuaof  the 
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OBt  But  this  arides  from  the  Bjmmetridal  augmentation  of  each  sel 
tf  oigans  into  two  cireles^  which  in  the  expMKled  flower  appear  like 
«Nw  la  the  flower>biid  of  the  Barberry  the  calyx  u  seen  to  consist 
of  two  alternating  circles  of  sepals,  three  in  each ;  the  corolla,  of  two 
drefes  of  petals,  threfe  in  each ;  the  Uiree  exterior  pelab  alternating 
as  they  should  with  the  inner  circle  of  sepals,  and  the  three  interior 
ones  alternating  with  these*  But  when  the  flower  opens,  the  six 
peteli^  spreading  apparently  as  one  whorl,  are  neeessarily  opposed 
to  the  six  sepals ;  and  the  six  stamens  in  two  aroles,  which  are  still 
aure  confluent  into  one  whorl,  are  equally  opposed  to  these,  taken  six 
and  six ;  althoagh  they  really  alternate  in  circles  of  three.  In  other 
words,  decussating  verticils  of  threes  necessarily  form  six  veitical 
ranks  (251,  441).  It  is  just  the  same  in  the  Lily,  Crocus,  and  most 
Menoootyledonons  ptents ;  where  the  perianth  is  composed  of  six 
similar  leaves  in  two  circles,  and  the  andrcecium  Of  six  stamens  in 
two  droles,  giving  a  r^;iilar  alternation  in  threes ;  although,  when 
taken  by  the  casual  observer  as  composed  of  two  circles  of  six,  it 
gives  the  appearance  of  six  stamens  before  as  many  petals. 

462.  The  Coalescence  or  union  of  the  parts  of  the  same  whorl  or 
set  of  oigans  is  so  freqtient,  that  few  cases  are  to  be  found  in  which 
it  does  not  occur,  to  a  greater  or  less  extent,  in  some  portion  of  the 
flower.  When  the  sepals  are  thns  onited  into  a  cup  or  tube,  the 
calyx  is  said  to  be  monosepalouSy  or,  more  correctly,  g{pno$epatou$  ; 
when  the  petals  are  united,  the  corolla  is  said  to  be  monopetalotUy  or 
j^mopetahus.  The  latter  is  the  appropriate  t^m,  as  it  denotes 
that  the  petals  are  combined ;  but  the  former  is  in  common  use,  al* 
though  etymologically  incorrect,  as  implying  that  the  C(m>lla  consists 
of  a  single  petaL  The  current  names,  in  these  cases,  were  given 
long  before  tht?  structure  was  ri^tly  understood.  So,  also,  such  a 
calyx  or  coit>lla  is  said  to  be  eniire,  when  the  sepals  or  petals  are 
united  to  their  very  summits ;  or  to  be  toothed^  lehedy  cleft,  or  parted^ 
aceording  to  the  d^ree  in  which  the  union  is  incomplete ;  this  lan- 
guid being  employed  just  as  in  the  ease  of  the  division  of  leaves 
(281).  On  the  other  hand,  when  the  sepals  are  not  united,  the  calyx 
is  said  to  h&,  pofy$epai&tu ;  and  when  the  petals  are  distinct,  the 
coraUa  is  said  to  be  polypetod/9ut ;  that  is,  composed  of  several 
petals. 

463.  The  union  of  the  stamens  with  each  other  may  occur  either 
by  their  fllainenU,  as  in  the  Pea  and  most  of  the  Pulse  family,  or  by 
their  anthers,  as  in  the  Sunflower  and  the  whole  Composite  family,  or 
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hy  both  the  filaments  and  the  anthers,  as  in  Lobelia  and  the  Gourd; 
An  account  of  the  modes  of  such  union,  and  of  the  terms  employed 
to  express  them,  may  be  found  in  Section  VI.  The  union  of  tte 
pistils  is  still  more  common  than  that  of  stamens,  and  is  iUnstrated  in 
Section  VIL 

464.  The  terms  tmton,  cohetion,  and  the  like,  must  not  be  undev>^ 
stood  to  imply  tliat  the  organs  in  question  were  first  formed  as 
distinct  parts,  and  subsequently  cohdi^ed.  Tliis  is  seldom  the  case. 
The  union  is  congenital ;  the  members  of  a  gamosepalous  calyx,  a 
gamopetalous  corolla,  ^bc  showed  their  union  fVom  the  earliest 
period.  The  language  we  use  has  reference  to  our  idea  of  these 
parts,  as  answering  each  to  a  single  leaf.  We  might  more  cor- 
rectly say  that  the  several  leaves  of  the  same  circle  have  fsaUsA  to 
isolate  themselves  as  they  grew. '  The  same  remark  applies  to  the 
analogous  case  of^ 

465.  Adnation,  or  Consolidltion,  the  union  of  different  circles  of 
floral  organs  with  one  another.  This  may  take  place  in  various  de* 
grees.  It  presents  the  appearance  of  one  circle  or  set  of  parts  grow* 
ing  out  of  another,  as  the  corolla  out  of  the  calyx,  the  stamens  out  of 
the  corolla,  or  all  of  them  out  of  the  pistil ;  and  therefore  disguises 
the  real  origin  of  the  floral  organs  from  the  receptacle  or  axis,  in 
successive  series,  one  within  or  above  the  other  (421).  The  con- 
sideration o^  the  flower  as  respects  such  consolidation,  or  its  aV 
sence,  gives  rise  to  tliree  terms  which  are  much  used  in  descrip- 
tive botany,  and  which  the  student  should  thoroughly  understand, 
viz.  hypogynousy  perigynow^  and  epigynous, 

466.  The  first  of  these 
terms  applies  to  the  ca^  in 
which  there  is  no  adnation  or 
consolidation  of  unlike  parts. 
Tliat  is,  w^hen  the  calyx, 
corolla,  and  stamens  are 
borne  (i.  e.  inserted)  on  the 
receptacle,  they  are  said  to 
be  hypogynoiu  (from  t^vo 
Greek  words  meaning  under 
the  pistil),  as  in  Buttercup,  Flax  (Fig.  387),  &c  The  floral  organs 
in  such  cases  are  also  said  to  hf^free  ;  wliich  is  the  term  opposed  to 

FIO.  887.    Vertical  0ectkm  of  a  ilower  of  the  Uonunon  Flax,  showing  €bm  nonnal  or  hjrpiy 
gynoua  inaortkm  of  parts. 
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iHm  adliesion  of  one  organ  to  another,  as  that  of  ditiinct  is  to  the 
cohesion  of  the  parts  of  the  same  .whorl  or  set  of  oi^gans.  Thns,  the 
stamens  are  said  to  be  distdndy  when  not  united  with  each  other,  and 
to  be/reei  when  thej  contract  no  adhesion  to  the  petals,  sepals,  or 
pistils ;  and  the  same  language  is  equally  applied  to  all  the  floral 
orgaos.  The  word  eonnaU  (bom  united)  is  applied  either  to  the 
congtnital  union  of  homogeneous  parts  (as  when  we  say  that  the  two 
leaves  of  the  upper  pairs  of  the  Honeysuckle  are  connate,  Fig.  294, 
the  sepals  or  stamens  are  connate  ^nto  a  tube,  or  the  pistils  into  a 
compound  pistil),  or  to  the  coalescence  of  heterogeneous  parts  (as 
that  of  the  petals  with  the  calyx,  or  of  both  with  the  pistil).  But 
the  word  ainaU  belongs  to  the  latter  case  only. 

467.  When  such  consolidation  takes  place,  and  the  petals  and 
stamens  (which  almost  always  accompany  each  other),  or  either  of 
them,  are  inserted  on  the 
calyx,  L  e.  are  adnate  with 
the  base  of  the  calyx  (as  in 
the  Cherry,  Fig.  888;  or 
Ftarslane,  Fig.  389),  they  are 
said  to  be  perig^pnaui  (liter- 
ally, placed  around  the  pis- 
til). The  real  origin  of  the 
parts  must  be  the  same  as  in  ^ 

the  former  case,  that  is,  the 
parts  really  belong  to  the  re- 
ceptacle, in  snccessiye  circles^ 
one  above  or  ¥rithin  the  other, 
first  the  sepals,  then  the  pet^ 
als,  within  these  the  stamtos, 
and  within  or  above  these 
the  pistils ;  but  the  true  origin  ^^ 

or  position  of  some  of  the  parts  is  here  obscured  by  the  adnation,  al 
their  base  at  least,  of  parts  which  are  normally  separate.  In  Fig*. 
388,  the  petals  and  stamens  are  adnate  to  the  lower  part  of  the 
ealyx,  but  all  are  free  from  the  pistil.  But  in  Fig.  389,  all  four 
organs  |ure  consolidated  below,  as  far  as  to  the  middle  of  tlie 
ovary. 

no.  ass.  Tntie>l  tMtfOB  of  ft  town  of  the  Chony,  to  ahov  ll»  pttgynom  iaitrtioa  of 
Hbm  pctaU  aad  stamciw. 

FIG  880.  SlmilarMctkmofttMflowvror  ttMParduM,Bhowlnf  aaadnatloB  of  parte  wlU^ 
Hhm  Itfirtr  part  of  Um  ototj. 
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468.  In  tlie  Apple,  Hawthorn  (Fig.  390),  and  many  other  pbnU, 
the  coQ«olidatioa  extends  farther,  and  the  calyx  is  adnate  to,  i.  e. 

invests  and  coheres  with  the 
whole  surfiice  of  the  oraiji 
which    accordingly   appears 
to  he  under  the  rest  of  the 
flower,  instead  of  the  upper- 
most and  innermost  part,  u 
it  properly  is.    The  earlier 
botanists  called  the  flower, 
or  calyx,  in  such  cases^Mpe- 
rior,  and  the  ovary  and  fruit 
inferior ;  and  when  no  such  consolidation  occurs,  the  flower,  or 
calyx,  4ec  was  said  to  be  inferior^  and  the  ovary  superior.    But 
these  terms  should  be  superseded  by  the  equivalent  and  much  more 
appropriate  expressions  of  calyx  adherent^  in  the  one  case,  and  colfe 
free,  in  the  other ;  or  by  that  of  ovary  coherent  with  the  calyx,  and 
ovary  free  from  the  calyx^  which  is  the  same  thing  in  other  words.* 
More  commonly  the  corolla  and  the  stamens  are  adnate  to  the 
calyx  beyond  where  these  parts  all  separate  from  the  pistil ;  in  which 
case  they  are  still  perigynoue^  or  borne  on  the  calyx*    In  some 
such  cases,  as  in  the  Evening  Primrose  and  Fuchsia,  the  tube  of 
the  calyx  is  prolonged  far  beyond  the  ovary,  and  the  petals  and 
stamens  are  inserted  on  it  just  below  where  it  separates  into  its 
distinct  lobes. 

469.  In  other  flowers  the  petals  and  the  stamens  are  distinct  at 
the  line  where  the  calyx  separates  from  the  top  of  the  ovary,  or  are 
borne  on  the  edge  or  face  of  a  thickened  disc  (489)  which  crowns  its 
summit,  as  in  Aralia  (Fig.  410),  the  Ivy,  tod  all  that  family,  in  the 
whole  Parsley  family,  the  Cornel  family,  the  Cranberry  (Fig*  891), 
and  the  like.  The  stamens,  &&,  being  then  apparently  borne  on  the 
ovary,  are  said  to  be  epiyynoue  {from  two  Greek  word&  meaning 
f^onthepistU"). 

*  A  favorite  view  at  present  is  that  the  caljx  In  manj  cases  (as  in  the  Rose, 
Apple,  &c.)  actually  begins  at  the  place  where  it  is  distinct  from  the  parts  with- 
in, and  that  the  So-called  tube  is  the  summit  of  the  peduncle  hoUowod  out,  or 
developed  around  the  pistils.  This  view  can  be  correct  in  certain  eases  tmlj, 
and  the  difforcnoe  between  it  and  the  current  view  is  really  not  so  great  as  it 
seems. 

no.  890.    Flow«r  of  nawthora  vtrtleaUy  dlrtded,  to  tbcnr  the  os^x  adoate  to  tbs  trntf. 
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470.  In  some  few  plants  the  stamens  continue  this  adnation  a  little 
farther,  and  cohere  with  the  style,  either  with  its  base  only,  as  in 
MMne  species  of  Asanim,  or  with  its 

whole  length,  as  in  Cjrpripedium 
(Fig.  468)  and  the  whole  Orchis 
family.  Then  the  flower  is  said 
to  be  gipMtndrmu  ; — from  two 
Greek  words  equivalent  in  mean« 
ing  to  stamens  and  pistil  com- 
Uned  (519). 

471.  Implaritjr.  The  flower 
is  irregular  when  the  parts  of  its 
difib-ent   drdes,  or  of  one   or 

more  of  them,  are  not  all  alike  in  number, 
shape,  or  size.  Irregularity  may  be  the  re- 
sult, therefore,  either  of  the  abortion  or  dis- 
appearance of  some  parts,  or  of  their  tm- 
eqwd  developmerU  or  unequal  union.  The 
latter  case  may  be  first  considered. 

472.  The  Pea  tribe  affords  a  familiar 
"*  illustration  of  irregular  flowers  arising  from 

the  unequal  size  and  dissimilar 
form  of  the  floral  envelopes; 
especially  of  the  corolla,  which, 
from  a  fancied  resemblance  to  a 
butterfly  in  the  flower  of  the 
Pea,  Locust  (Fig.  392),  &c.,  has 
been  called /M]pt7umric«atif.  The 
petals  of  such  a  corolla  aro  dis- 
tinguished by  separate  names; 
]  h  the  upper  one,  which  is  usually 
most  conspicuous,  being  termed 
the  vexiUum,  itandard^  or  banner 
(Fig.  392',  a) ;  the  two  lateral 
(5)  are  called  wingt  (ahe)^  and 
"^  the  two  lower   (c),  which  are 

usually  somewhat  united  along  their  anterior  edges,  and  together 

7IO.  89L    Fkmvr  of  Cnnhmry  ^MOttd  lengthwlM,  ■howlaff  Ite  pcteli  tnd  itnaBf  tpl- 


no.  808.    rmtTfafirofftflowwor  thee 

jrxo.  88V.    CocoUaoC  tiM  mum,  Um  fwUlf  Uiq»ligr«d. 
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form  a  bodj  in  shape  reMmbltng  tfie  keel^  or  rather  the  narlow 

prow,  of  an  ancient  vessel,  are  named  the  carina  or  ke$L    The  calyx 

of  the  same  blossom  is  slightly  irregular  hf  the  unequal  union  of 

parts,  the  two  upper  sepals  bein^  united  higher  than  the  other  three. 

In  Baptisia  these  two  sepals  are  coalesoent  to  the  tip,  or  nearly  so^ 

causing  the  ealyic  to  ap> 
pear  as  if  formed  of  four 
sepals  mstead  of  five  In 
most  Lupines,  not  only  tre 
the  two  upper  s^als  coa- 
lesoent into  one  bodynesF- 
ly  or  quite  to  the  tip,  bat 
the  three,  remaining  ones 
are  likewise  united  mto 
one  body,  on  the  lower  side 
of  the  flower,  thus  giviitg 
the  calyx  the  appearance 
of  consisting  of  two  petals 
•*  in  place  of  five.    The  ir- 

reguhinty  of  papilionaceous  flowers  likewise  affects  the  stamens, 

which,  altliough  of  symmetrical  number,  m 

Tix.  ten,  or  two  circles,  are  in  most  cases 

unequally  coalescent,  nine  of  them  being 

united  by  the  cohesion  of  their  filaments 

for  the  greater  part  of  their  length, 

while  the  tenth  (the  posterior)  stamen 

is  distinct ;  as  is  illustrated  in  the  sec* 

tkrn  on  the  stamens  (518).     But  in 

Amorpha  (Fig.  d95),  which  belongs  to 

the  same  tribe  of  plants,  the  ten  stamens 

m«  united  barely  at  their  base ;  and 

there  is  a  complete  return  to  regukrity 

in  those  of  Baptisia  (Fig.  394)  and 

Sophora,  which  are  perfectly  distinct  or 

separate.    The  Violet  (Fig.  397)  offers 

another  very  familiar  form  of  irregu- 
lar flowers ;  the  irregularity  belonging 

-  no.  888.    Pspillomeeoai  llo#er  of  BAptUa.    8M.  Tb^  i 
■faowing  tha  ten  dkCinet  ttamens. 

no.  80&    Floww  or  Amorpba.    886*.  Tba 
th«  iltghtly  monadelphooa  •tamens. 

FIG  896     Fio^w  of  Wola  n«lttete.    897.  Iti  Mpab  aiid  petek  displaved. 


with  ll»  patelf  I 
with  tiM  Mllluy  p«tel  ranovBtf,  thflwlBI 


Digitized  by 


Google 


BCPPRESSIOX  OR  ABORTION   OF  PARTS.  855 

Bittidy  to  the  corolla^  the  lower  petal  of  which  is  prolongfd  biick'^ 
»ud  into  a  sac  or  spun  The  Ladispur  and  llodk^iood  (F^  898- 
402)  are  irregular  hoih  in  the  caljx  and  the  corolla,  not  only  by  a 
diversitj  in  the  iBize  and  shape  of  honoologous  parts,  but  also  by  the 
suppression  of  some  of  them.  We  may  therefore  consider  them 
under  the  next  head. 

473.  Of  ifregular  monopetalous  flowers  the  most  common  form  is 
the  bilabiate  or  twO'Uppedj  as  in  the  coix>lla  of  the  Sage,  Snap- 
dragon, and  most  of  the  large  families  to  M'hich  they  belong  (Fig. 
460)  :  this,  like  the  calyx  of  the  Lupine,  described  above^  arises 
fiom  the  unequal  union  of  the  parts.  The  same  is  the  case  with 
the  two-hpped  corolla  of  the  Woodbine  and  other  Honeysuckles, 
only  here,  instead  of  two  lobes  or  petals  forming  the  upper  lip  and 
three  the  lower,  four  petals  enter  into  the  comix>siti<m  of  the  upi)er 
lip,  leaving  only  one  for  the  lower  (Fig.  861  )•  The  Tiiimpet 
Honeysuckle  returns  nearly  to  regularity  again,  the  wlM>le  five 
petals  being  coalescent  into  a  tube  to  near'  the  top,  leaving  an  al« 
most  equally  five-lobed  border.  The  corollas  of  Germander  (Fig. 
996)  and  of  Lobelia  (Fig.  902)  are  further  irregular  by  a  want  of 
union  on  the  upper  side  of  the  blossom :  and  the  ligulate  or  open 
and  strap-shaped  corolla  of  Gore<^is  (Fig,  325,  c)  Mid  other  Com- 
positae  evidently  answers  to  such  a  regular  monopetalous  corolla  as 
a,  split  down  on  one  side  and  outspread. 

474.  Soppresdoa  or  AboitkNIf  that  is,  the  complete  or  the  partial 
obhteration  of  some  member,  is  a  common  cause  of  irregularity. 
The  term  suppression  is  used  when  parts  which  belong  to  the  plan 
of  the  blossom  do  not  actually  appear  in  it.  Tile  term  abortion  is 
applied  not  only  to  such  disappearance,  but  to  partial  obliteration, 
as  where  a  stamen  is  reduced  to  a  naked  filament,  or  to  a  mere  rudi- 
ment or  vestige,  answering  to  a  stamen  and  occupying  the  place 
of  one,  but  incapable  of  performing  its  office.  Such  obliteration, 
whether  partial  or  complete,  may  ailect  either  a  wliole  circle  of 
organs  or  merely  Fome  of  its  members.  The  former  interferes  with 
the  completeness  of  a  flower,  and  may  obscure  the  normal,  order  of 
its  parts.  The  latter  directly  interferes  with  the  symmetry  of  the 
bkMsom,  and  may  be  first  considered. 

475.  Snppicssioa  of  mne  Pirti  of  a  Cirde  of  Orpm.    The  Larkspur 

fuid  Aconite  or  Monkshood  furnish  good  examples  of  flowers  wliich 
are  both  irregular  and  symmetrical.  The  calyx  of  the  Larkripur 
(Fig.  898,  399)  is  irregular  by  reason  of  the  dissimilarity  of  the  five 
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sepals,  one  of  wliich,  the  uj^rmost  and  largest,  is  prolonged  po6te« 
riorlj  into  a  long  and  hdlow  spur.    Within  these,  and  alternate  with 


t^ 


them  as  far  as  they  go,  are  the  petals,  only  four  in  number,  and  these 
of  two  shapes,  the  two  upper  ones  having  long  spurs  which  are  re- 

FIG.  806.  Ftow«r  of  a  Luto|>ar.  8M.  The  flvv  Mpalf  (oaler  drato)  wid  ttie  fimr  peHh 
(famer  circle)  displayed.    400.  Gnrand-plan  of  tlie  calyx  and  corolla. 

WIQ.  401.  Flowor  of  an  Aconite  or  3Ionkshood  402.  The  fire  eepalt  and  ttie  two  nnell 
and  carioiuly.«liaped  petali  displayed :  also  the  stamens  and  pistils  in  tbe  ceotrs.  40S. 
Groond-plan  of  tbe  oelyx  and  coroUa;  tbe  dotted  lines,  as  in  Fig.  400,  npreeentlnc  tbi  nr* 
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ceived  into  the  spar  of  the  upper  sqtal;  the  two  lateral  ones  haviog 
a  small  hut  hroad  hlade  raised  oa  a  stalk-iike  claw ;  and  the  place 
which  the  fifth  and  lower  petal  should  occupy  (marked  in  the  ground 
plan,  Fig.  400,  by  a  short  dotted  line)  is  vacant,  this  petal  being  sup- 
pressed, thereby  rendering  the  blossom  unsynunetricaL  In  Aconite, 
(Fig.  401,  402)  the  plan  of  the  blossom  is  the  same,  bat  the  upper- 
nM»t  and  largest  of  the  five  dissimilar  sepals  fonns'a  helmet-shaped  or 
hood-like  body ;  and  as  to  the  petals,  three  are  wanting  altogether 
(tbeur  places  are  shown  by  the  dotted  lines  in  the  ground  plan,  Fig. 
403)  ;  the  two  upper  ones,  which  extend  under  the  hood,  only  re- 
main, and  these  are  so  reduced  in  size  and  so  anomalous 
in  shape  that  they  would  not  ordinarily  be  recognized  as 
petals.  One  of  them  enlarged  is  exhibited  in  Fig.  404. 
Petals,  &c,  of  this  and  other  extraordinary  forms  were 
termed  by  Linnssos  NectarieMy  an  unmeaning  or  mislead- 
ing name,  as  they  are  no  more  likely  to  secrete  honey 
than  ordinaiy  petals  are. 

4M  476.  The  papilionaceous  corolla  (472) 

becomes  strikingly  unsymmetrical  by 
suppression  in  Amorpha  (Fig.  395). 
Here  the  c(N\>lla  is  uniformly  reduced  to 
a  solitary  petal  (the  standard),  the  other 
four  petals  being  totally  obliterated. 
This  obliteration  is  foresliadowed  in  Ery- 
thrina  herbacea  of  the  Southern  States,  and  other 
species,  in  which  all  the  petals  except  the  standard 
are  small  and  inconspicuous.  lYhile  the  blossom 
of  the  common  Honechestnut,  althou^  irregular, 
is  symmetrical,  so  fiur  as  respects  the  calyx  and 
corolla,  that  of  our  nearly  related  Buckeyes  gener* 
ally  wants  one  of  the  ^\q  petals,  a  vacant  place  on 
the  anterior  side  of  the  flower  indicating  its  absence. 
477.  The  suppression  or  abortion  of  some  of  the 
stamens  requisite  to  the  symmetry  of  the  blossom  is 
xerj  common.  According  to  the  ordinary  view,  the  six  stamens  of 
the  flowers  of  the  Mustard  family  (Fig.  405,  406),  where  the  sepals 
and  petals  are  in  fours,  is  explained  by  supposing  that,  out  of  two 
circles  of  stamens,  four  in  each,  two  stamens  of  the  outer  circle  are 


FTO.  40i.    Ont  of  the  petals  of  an  Aconite  or  Mookahood,  enlarged. 

FIO.  405.  mower  of  Muitonl     406.  Itt  fU  ataiaena  and  the  platU,  enlarswL 

22* 

Digitized  by 


Google 


258  TBS  VLOWBB. 

sappressecL  Bat  we  incCne  to  the  opinion  that  this  sort  of  flovrer 
is  rendered  unsymmetrica],  not  bj  the  8uppre8sioii  of  two  short  sta* 
mens,  but  bj  the  chorisis  or  diviiion  of  the  two  stamens  each  into  a 
pair  (456,  Fig.  868). 

478.  Most  flowers  which  are  irregakr  bj  the  oneqoal  union  of 
107  the  petals,  esperially  those  with  a&t- 

iabiate  corolla  (473,  51 1),  are  likewibc 
unsymmetrical  by  the  abortion  of  one 
or  more  of  the  stamens.    In  the  Cat*' 
nip,  Bahn,  isc^  and  in  the  Snapdragion, 
Monke7'<dower,    Foxglove^    and    tlie 
like,  as  also  in  Gerardia  (Fig.  407), 
where  the  corolla  is  only  sligluly  ir« 
regular,  four   stamens    occupy  their 
proper  places  alternate  with  its  lobea, 
but  the  fifih  stamen  is  altogether  want- 
ing.    In  its  place,  however,  the  corolla 
of  the  Figwort,  belonging  to  the  same 
family  as  the  Snapdragon  and  Ge- 
rardia, bears  a  small  scale,  and  that  of 
Chekme  and  Pentstemon  (Fig.  406) 
bears  an  antheriess  filament,  which, 
from  its  position,  must  be  the  wanting 
stamen,  in  an  abortive  state ;  and  in 
one  species  it  has  actually  been  found 
with  a  perfect  or  an  imperfect  anther, 
completing  the  symmetry  of  the  flow- 
er.   The  four  perfect  stamens  in  those 
eases  are  of  unequal  length,  two  of 
them  being  longer  than  the  other  two 
^  (i.    e.    tl^y   are   didynammu,  520). 

The  two  shorter  stamens  altiO  disappear  in  many  such  phmts,  ss  in 
Gmtiola  or  Hedge-Hyssop,— ^sometimes  leaving  vestiges  in  their 
place,  and  sometimes  not;  also  in  Sage,  Horse-Mint,  and  tlie  like. 
Here  three  stamens  out  of  five  are  suppressed*    So  they  eommoaly 

FIG  407.  Corolk  of  GenidtefranniTVft  bid  open,  with  UMfcnrflCaiDcna  flM  pteet  irUeh 
flM  fifth  •hoald  occupy  Indlcatod  by  ft  croM 

no.  408.  Corolla  of  PontHMnoB  Bnndiflonn  kid  open,  vikh  iti  ftmr  iUaMM,  uA  Aftarib 
fllanwDt  in  Um  place  of  tho  fifth  lUmen. 

no.  400.  GocolU  or  CateJpalaMopa^  with  two  perfect  ftaowns  and  UMiRMtlcMcrifeMi 
ahoiiiTe  onM. 
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BTt  m  the  blosram  of  Gitalpa  (Fig.  409),  buC  tlteiif  vestiges  remain 
in  the  form  of  small  sterile  filaments^  two  of  whiehi  howoTer,  oeea<r 
sienally  bear  anthers,  either  perfect  or  rudimentary. 

479.  The  suppression  of  a  portion  of  the  pistils  required  to  com> 
|4ete  the  symmetry  of  the  flower  is .  exceedingly  oommon.  The 
tendency  to  obHteratioa  seems  to  increase  as  we  advance  towatds 
the  centre  of  the  blossom,  owin^^  doabtless,  to  the  greater  pressure 
exerted  on  the  central  parts  of  ^e  bud,  and  the  progressively  di- 
nunished  space  the  organs  have  to  occupy  on  the  conical  receptacle. 
Thus,  while  theooroUa,  when  present  at  all,  almost  always  consists 
of  as  BHUiy  leaves  as  the  calyx,  the  members  of  the  stamineal  circle 
or  circles  are  frequently  fewer  in  number,  and  the  pistils  Bie  still 
more  commonly  fewer,  excepting  where  the  axis  is  prdonged  for 
the  reception  of  numerous  spiral  oydes.  Thus,  the  pistils,  whidi 
present  the  symmetrical  number  in  fiedum,  and  all  plants  of  that 
family  (Fig.  834, 335, 355, 361),  are  reduced  to  two^  or  rarely  three, 
in  the  allied  Saxifrage  fiunily,  while  the  other  floral  drdes  are  in 
fives.  So,  in  the  Wild  Sareaparilla  (Fig.  410)  and  Spikenard,  the 
flowers  are  pentamerous  throughout,  idthough  the  ovaries  of  the  five 
pistila  are  united  into  one;  but  they  are  reduced  to  three  in  th^ 
Groond-nut,  and  to  two  in  the  Ginsengs  belonging  to  the  same  genus^ 
as  also  in  all  Umbelliferous  planta.  Although  the  pistils  are  in* 
definitely  augmented  In  the  Bose,  Strawberry,  and  the  greator  part 
of  Rosaceous  plants,  or  are  of  the  normal  number  five  in  Sptrsoa, 
yet  there  are  only  two  in  Agrimoni%  one  or:  rarely  two  in  SangUFr 

^  sorba,  and  uniformly  one  in  the  Plum  and  Cherry  (Fig.  388), 
ahbough  the  flowers  of  the  whde  order  are  formed  on  the  pentame* 
roos,  or  sometimes  the  tetramerous  plan,  and  with  a  strong  tendency 
to  augmentation  of  all  the  organs.  And  the  Pulse  family  has,  almost 
without  exception,  five  members  in  its  floral  envelopes,  and  ten,  or 
two  circles,  in  its  stamens,  but  only  a  single  pistil  (Fig.  358). 

480.  Stppimiti  of  mie  or  aoit  whole  Ciidn.    A  complete  flower, 

IIS  already  remarked  (416),  comprises  fi>ur  whorls  or  fiets  of  organs  % 
namely,  calyx,  corolla,  stamens,  and  pistils.  When  any  of  these  four 
circles  or  kinds  of  organs  are  wanting^  the  flower  is  said  to  be  t n- 
camplete^  The  non*production  of  any  one  or  more  of  the  whorls  is 
Tkoi  uncommon.  The  calyx,  however,  is  seldom  if  ever  wanting 
irhen  the  corolla  is  present,  or  rather,  when  the  floral  envelopes  con- 
sist of  only  one  whorl  of  leaves,  they  are  called  cafyx,  wlmtever  be 
their  appearance,  texture,  or  color,  unless  it  can  somehow  be  shown 
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that  an  outer  circle  k  suppressed.*    For  since  the  ealjx  is  h^ 

quentty  delicate  and  petal-like  (in  botanical  language  peUJaii  or 
tciored)y  and  the  corolla  someUmes  greenisk 
or  leaf-like^  the  only  real  difierence  between 
the  two  is,  that  the  caljx  represents  die 
outer,  and  the  eorolla  the  inner  series ;  and 
even  this  distinction  becomes  nx>re  or  leas 
arbitrary  when  either^  or  both^  oi  these  or^ 
gans  oonsist  of  more  than  one  circle.  The 
apparent  obliteration  of  the  calyx  in  some 
*^^  cases  is  owing  to  the  entire  cohesion  of  the 

tube  with  the  oyary,  and  the  reduction  of  the  free  portion,  <Nr  limb^ 

to  an  obscure  ring  or  border,  either  slightly  toothed  or  entire,  as  in 

Aralia  (Fig.  410),  Fedia  (Fig.  882),  Comus,  the  fertile  fk>wer8  of 

Nyssa,  &c.     In  Composita^  the  partially  obliterated  limb  of  the 

calyx,  when  present  at  all,  consists  of  scales,  teeth,  bristles,  or  a 

ling  of  slender  hairs  (as  in  the  Thistle),  and  reoeiyes  the  name  of 

pappui. 

481.  The  petals,  however,  are  frequently  absent ;  when  the  fbwer 

is  said  to  be  apetalow^  as  in  the  Anemone  (Fig.  411),  Clematis^ 

Oaltha,  &&,  in  the  Crowfoot  fiunily, 

other  genera  of  which  are  furnished 

with  both  calyx  and  corolla ;  and  as 

in  some  species  of  Buckthorn,  while 

others  have  mamfest  although  small 

petals.    They  are  constantly  wanting 

in  a  large  number  of  families  of  £x* 

ogenous  plants,  which  on  this  account 

form  the  division  Jpetake.     When 

the  calyx  is  present  while  the  corolla  ^j, 

is  wanting^  the  flower  is  said  to  be 

ffumocldamifdeousy  that  is,  with  a  perianth  (417)  or  floral  envebpe  of 

only  one  kind ;  as  in  the  cases  above  mentioned. 

*  In  cor  Northern  Zanthoxylnm  the  monochlamydeoas  perianth  wfaicfa  !f 
present  may,  however,  be  justly  held  to  be  the  corolla,  and  not  the  calyx,  le- 
c^se  the  five  stamens  alternate  with  it,  just  as  they  do  with  the  undoibtsd 
petals  of  Z.  Caroliniannm :  in  this  case,  therefore,  wo  may  say  that  the  caljrx, 
and  not  the  corolla,  is  suppressed.  See  Genera  lUusitxUa,  Vol.  9,  p.  14S,  tab.  15& 

no.  410.    Fkmcr  or  Axmlla  nudicftQUs,  Tertkally  dirided ;  Um  limb  of  the  taiyxiAmtk^ 
no.  iU.    Vkmtr  of  Abmboim  PeiuifjrlTaiiieft }  »petalotM,  Ui»  caljx  p«tftloidL 
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482.  In  some  flowers,  moreorery  as  in  the  Lizard's-tail  (Fig.  418)9 
both  the  calyx  and  the  corolla  are  entirely  wanting,  and  the  blofisom 
is  oMamydeQuSj  L  e.  destitute  of  any  perianth 
or  floral  envelopes  whatever  Having  the  es- 
sential organs,  viz.  the  stamens  and  pistils,  how* 
ever,  this  flower  also  is  perfect  (hermaphrodiief 
or  hitexyoT)^  although  incomplete. 

483.  The  abortion  of  aU 
the  stamens  or  all  the  pis- 
tils of  a  flower  is  common 
enough,  as  well  in  flowers  that  have  as  in 
those  that  have  not  complete  floral  envelopes; 
but  whenever  either  of  these  essential  organs 
are  abortive  or  wanting  in  some  blossoms,  they 
are  present  in  others  of  the  same  species, 
either  on  the  same  or  on  different  individuals. 
Flowers  of  this  kind  having  stamens  only  or 
pistils  only  are  said  to  be  separated^  diclinous^ 
or  unisexuaL    And  the  flower  wliich  has  the 
stamens  but  no  pistils,  or  only  imperfect  ones,  is  said  to  be  etaminaie^ 
Mterilcy  or  male  ;  while 
that     provided    with 
pistils,  but  with    no 
stamens,  or  only  im- 
perfect ones,  is  piS' 
tUlatey  fertile,  or  fe- 
male.   Not  to  multi- 
ply examples,  in  Smi- 
lax  and  in  Henisper- 
mum  (Fig.  413,  414) 
we  have  good  instan- 
ces of  separated  flow- 
ers in  which  the  abor- 
tion b  confined  to  the 
stamens  or  tlie  pistils, 
the  floral    envelopes 
being     present    and 

FIO.  413.    FtowCT  of  Ltaarfi-fn  (Sanrnma  cenmmi),  mfnUted. 

no.  41S.  A  ttaminato  floww  of  Ifoiitopwrmiun  or  UooMewL  414.  A  phtlUftte  lloww  of 
the  nine.    Tb«  btter  bag  liz  abortlTe  stameiM :  tho  formor,  mere  TMtifM  of  pintila. 

no  €15.  AflBtkhiof  •tamimle  fknrere  of  8e]lx  alba.  41&  Adogte  MMDliMto  1lo««r  de- 
teehcd  Mid  ealnicd  (the  bnwt  tamed  from  the  eye).  417.  A^piatilhte  OftCkinof  tiM  mum 
ilS  A  detached  pUtillate  flower,  magnified. 
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complete.  And  in  the  IVlllofw  (Fig.  415  *  418)  we  bare  sepunited 
fknrera  extremely  simplified  by  abortion.  The  lowers  are  crowded  in 
catkins,  each  one  in  the  axil  of  a  bract :  the  staminate  flowers  coitsiM 
of  a  few  stamens  merelj,  in  this  species  of  only  two  (Fig.  41 6),and  the 
pistillate,  ofa  pistil  merely  (Fig.  418).  That  is,  the  fkywers  are  wholly 
destitute  of  calyx  and  corolla  (unless  a  little  glandular  scale  on  the 
upper  side  should  be  a  rudimentary  perianth  of  a  single  piece),  and 
in  one  set  of  blossoms  the  stamens  are  also  suppressed ;  in  another, 
the  pistils.  The  stamens  vary  in  number  in  difierent  species,  fixm 
two  to  five.  If  there  were  only  one  of  the  latter,  an  instance  would 
be  afforded  of  flowers  reduced,  not  merely  to  one  kind  c/C  org^n,  bat  to 
a  single  member.  Now  there  is  one  species  of  Willow,  which  ap- 
pears to  have  its  sterile  blossoms  reduced  to  a  solitary  stamen.  It 
has  therefore  been  named  Salix  monandra.  But  on  in- 
spection this  seemingly  single  stamen  is  found  to  consi^ 
of  two  united  with  each  other  quite  to  the  top  (Fig. 
419).  Here,  as  in  many  oiher  cases,  the  normal  condi- 
tion of  tlie  flower  is  not  only  much  altered  by  the  sup- 
pression of  most  of  the  organs,  but  disguised  by  the  coa- 
lescence of  those  that  remain. 

484.  In  separated  flowers  the  two  kinds  of  blossoms 
may  be  borne  either  upon  different  parts  of  the  same 
individual,  or  upon  entirely  different  individuals.  The  flowers  are 
said  to  be  tnancociaus  when  both  kinds  are  borne  on  the  same  plant; 
as  in  Indian  Com,  the  Birch,  the  Oak,  Beech,  Hazel,  Hickory,  &c: 
and  they  are  called  dicecioui  when  borne  by  different  individuals ;  as 
in  the  Willow  and  Poplar,  the  Sassafras,  the  Prickly  Ash,  the  Hemp 
and  Hop,  Moonseed  (Fig.  418,  414),  dbc  Occasionally,  while  some 
of  the  flowers  are  staminate  only,  and  others  pistillate  only,  a  por- 
tion are  perfect,  the  different  kinds  occurring  either  on  the  same  or 
different  individuals ;  as  in  most  Palms,  in  many  species  of  Maple, 
&c :  plants  with  such  flowers  are  said  to  be  polygamous. 

485.  In  some  of  the  blossoms  of  certain  plants  both  stamens  and 
pistils  ore  wanting.  This  is  the  case  with  those  that  occupy  the 
margin  of  the  cymes  of  the  Hobblebush  and  some  other  Yibumun», 
and  of  Hydrangea  (Fig.  420),  or  even  with  the  whole  cluster  in 
cultivated  monstrous  states,  as  in  the  Snowball  or  Gruelder-Rose 
of  the  gardens  (Viburnum  Opuhis).    Here  the  enlarged  corollas 

no.  419.    A  itMilmtn  floww  of  Sails  porparaa  (nr  monandn),  wlUi  Um  s 
CiBOiuidalplMMiB  ud  qrofioMloaa),  00  m  to  apptar  Ukm  a  iliif to  oim. 
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ttiake  the  whole  blo5HK>tn.  Such  flowers,  being  neither  staminat^ 
nor  pistillate)  are  said  to  be  netttroL  In  soH^alled  compound  flowers 
(394)  the  8trap-«haped  marginal  flowers  are  sometimes  neutral,  as 
in  Corci^is  (Fig.  324,  825),  Mayweed,  and  Sunflower.  In  some 
Grasses  and  other  plants  such  neutral  flowers  want  the  floral  eu- 
▼elopes  also,  or  are  reduced  to  an  abortive  rudiment 


486.  The  suppression  or  abortion  of  a  whole  circle  of  organs  in  a 
symmetrical  flower  does  not  destroy  its  symmetry,  if  we  take  note 
of  the  ab:;ent  members.  Thus  a  monochhimydeous  flower,  with  a 
sin^e  full  circle  of  stamens,  usually  has  tlie  latter  placed  opposite 
the  leaves  of  the  perianth,  that  isf  of  the  calyx,  the  corolla  or  in- 
ter^'ening  circle  having  failed  to  appear.  But  when,  with  the  abor- 
tion of  the  primary  circle,  say  of  the  stamens,  we  have  an  augmenta- 
tion €j£  one  or  more  additional  circles  of  the  siune  kind  of  organ,  the 
law  of  alternation  appears  to  be  violated ;  the  stameas  that  are 
prestent,  or  the  outer  circle  of  them,  standing  before  the  petals,  in- 
stil of  alternate  witli  them.  It  is  customary  to  assume  this  ex- 
planation for  all  cases  of  the  anteposition  of  the  stamens  to  the  pet- 
als, whether  in  the  Primrose  family,  in  Claytonia,  in  tlie  Vine  (Fig- 

WIQ.  420.    Cjhm  of  iljrdrmo^ea  arboratoeiM,  with  tha  ]MTg»  margliMl  floiven  tuutnU 
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384),  or  the  Buckthorn,  &o.  But  more  piobaUe  ezplaiu^ions  fiir 
some  6uch  cases  have  already  been  given  (459,  460).  It  can  no 
longer  be  deemed  safficient  to  assume  the  oUitemtion  of  a  nonnal 
floral  circle,  and  the  production  of  a  second  one,  when  no  traces  of 
the  former  can  be  detected  and  no  clear  analogy  shown  with  sofpe 
strictly  parallel  instance.  Yet  we  may  confidently  apply  this  riew 
wlien  we  do  find  traces  of  obliterated  organs,  as  in  the  (Seranium 
family,  for  example.  The  pentamerous  flower  of  Geranium  exlubits 
ten  stamens,  plainly  occupying  two  rows,  the  five  of  the  exterior 
circle  shorter  than  the  others.  One  set  of  these  stamens  alternates 
with  the  petals,  the  other  is  op])oscd  to  them.  But  on  close  exami- 
nation, we  perceive  that  it  is  the  timer  circle  of  stamens  tliat  alter- 
nates witli  the  petals ;  those  of  the  outer  circle  stand  directly  before 
tliem.  This  is  a  not  uncommon  case  where  there  are  just  ti^ice  as 
many  stamens  as  there  are  petals  or  sepals.  In  this  iastance  the 
explanation  of  the  anomaly  is  fumislied  by 
the  five  little  bodies,  called  by  the  vague  and 
convenient  name  of  gland$^  which  stand  on 
the  receptacle  between  the  petals  and  the  sta- 
mens, and  regularly  alternate  with  the  former. 
They  accordingly  occupy  the  exact  position 
of  the  original  stamineal  circle :  wherefore,  as 
situation  is  the  best  indication  of  the  nature  of 
organs,  we  may  regard  them  as  the  abortive  rudiments  of  the  ^y^ 
proper  stamens,  here  obliterated.  In  the  annexed  diagram  (Fig.  421) 
these  are  accordingly  hiid  down  in  the  third  circle,  as  five  small  oval 
spots,  slightly  shaded.  The  actual  stamens  consequently  belong  to 
two  augmented  circles,  those  of  the  exterior  and  shorter  set  of  which 
(represented  by  the  larger,  unshaded  figures),  normally  aUemating 
with  the  glands,  are  of  course  opposed  to  the  petals,  and  tlmse  of  tlie 
inner  and  larger  set,  normally  alternating  with  the  preceding,  neces- 
sarily alternate  with  the  petals.  This  view  is  further  elucidated  by 
the  closely  allied  genus  KrodUim,  where  all  the  parts  are  just  tl» 
same,  except  that  the  five  exterior  actual  stamens  are  shorter  still, 
and  ai-e  destitute  of  anthers ;  that  is,  the  disposition  to  suppression, 
which  Ims  caused  the  oUiteration  of  the  primary  circle  of  stameas 
and  somewhat  reduced  the  second  in  Geranium,  has  in  Krodium 

FIG.  421.  Maertm  (cTOM-seetlon)  of  tlM  flower  of  Gernnlnm  nrnralntiiiii,  exhlbltfog  tkt 
TCktWe  podtkm  of  parts,  MpockUy  tfao  glaiidi  alteniato  wUh  ttMpotelf,aiultlMt«ofB«flf 
sUmens  wlUiln  tlMm. 
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rendered  tbe  latter  abortive  also,  leaving  those  of  the  third  row  alone 
to  fulfil  their  proper  office.  And  in  a  South  African  genus,  Monso- 
nia,  five  stamens  aistuallj  occur  in  the  place  of  these  glands,  making 
fifteen  real  stamens,  or  three  circles.  The  general  plan  of  the  flower 
is  the  same  in  the  Flax  family,  except  that  the  glands  which  answer 
to  the  outer  rank  of  stamens  are  still 
less  conspicuous,  and  those  of  the  next 
circle  are  reduced  to  small  abortive 
filaments,  or  to  minute  teeth  in  the 
ring  formed  by  the  union  of  all  the 
filaments  into  a  cup  at  the  base,  leav- 
ing five  perfect  stamens,  which,  though 

they  alternate  with  the  petals  indeed,  belong  to  a  third  circle  (Pig. 
422,  423).  In  a  few  species  of  Flax,  this  second  circle  of  stamens 
is  perfectly  obliterated,  so  that  no  vestige  is  to  be  seen. 

487.  The  complete  suppression  of  two  or  three  of  the  circles  be- 
longing to  the  complete  flower,  and  of  a  part  of  the  members  of  what 
remains,  reduces  a  blossom  to  the  last  degree  of  simplicity.  Among 
the  simplest  of  perfect  flowers  are  those  of  Callitriche  (Fig.  1136- 
1138),  which  have  neither  calyx  nor  corolla ;  and  only  one  stamen, 
as  is  expressed  in  the  annexed  diagram  (Fig.  424)  ;  yet  the  four- 

lobed    pbtil    shows 

that  the  blossom  was 

o 

ry<  f\  r\  i%        constructed  on    the 

C\j  C^  o  Up        plan  of  four.     And 

^  *t — 71 — K  ' 71 — :'        oven  this  stamen  is 


suppressed  m  cer- 
tain blossoms,  and  the  pistil  in  others.  In  Euphorbia  (also  to  be 
niastrated  under  the  family  to  which  it  belongs.  Fig.  1143)  the 
flowers  are  always  separated,  and  the  staminate  blossom  is  reduced  to 
a  single  stamen,  the  pistillate  to  a  single  threo-lobed  pistil  (Fig.425). 
And  in  the  Willow,  as  already  noticed  (438),  the  pair  of  stamens 
which  represents  one  sort  of  blossom,  and  the  single  pistil  which  repre- 
sents the  other,  are  widely  separated,  being  borne  on  distinct  trees, 

FIG.  422.    Flower  of  Linnm  peranM.    428.  Its  BtameiM  and  pistlif  milarged. 

no.  42L  Piagnun  of  »  i^taetkct  floiiwr  of  CkUitxklM,  with  bo  floml  •oTalopas,  ono  fUuMn, 
■ad  ft  lbinH»U«d  pistil. 

FIG.  425.  IHagrmm  of  the  motMsdoas  flowers  of  Xapborbia :  a,  the  pistillate  flower  r»- 
doeed  to  a  mere  thiee-ceUed  pistil ;  and  6,  one  of  the  staminate  flowers  redooed  to  a  alBgle 

FIG.  426.  Piagnun  of  tbe  dioseloos  flowers  of  tbe  WlUow :  a,  one  of  tbe  pistillate  flowera 
ledoced  to  a  solitary  pistil ;  6,  a  staminate  flower  reduoed  to  a  pair  of  stamaaa. 

23 
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488.  Unnsnal  States  of  the  Beceptaeto.    The  receptacle  (421)  ia 

cammonly  small,  short,  and  inconspicuous,  being  merely  the  extrem- 
ity of  the  flower-stalk  upon  which  the  sct- 
end  organs  are  inserted  (Fig.  343).  Some- 
times, however,  it  is  remarkably  enlarged 
or  elongated.  A  striking  instance  of  an  en- 
larged receptacle  is  found  in  Nelumbium, 
where  it  is  dilated  into  a  large  t<^>-8hiqped 
body,  nearly  enclosing  the  pistils  in  sep* 
arate  cavities  (Fig.  427).  Whenever  the 
pistils  of  a  flower  are  very  numerous,  the 
receptacle  is  more  or  less  enlarged  for  their 

insertion,  as   in    Magnolia,  the   Raspberry    and  Blackbeny,  ^bc 

In  the  Strawberry  the  enlarged  and  c<Miical 

receptacle  (Fig.  428),  bearing  the  pistils  on 

its    surface,  becomes    the  edible  portion  in 
fruit   In  the  Rose  (Fig. 

rts.  429)    the  receptacle  is 

f  deeply  concave,  instead 

I  of  convex,  being   um- 

shaped,  invested  by  the  *" 

adnate  tube  of  the  calyx, 
and  bearing  the  petals 
and  stamens  on  its  bol- 
der and  the  numerous 
pistils  on  its  wliole  hol- 
low surface  (Fig,  429). 
It  is  much  the  same  in 
Calycanthus  (Fig.  814  - 
819).  In  Greranium,  and  ^ 

many  allied  plants,  the  receptacle  is  prolonged  between  the  ovaries, 
and  coheres  with  their  styles  (Fig.  430) ;  these,  however,  separating 
at  maturity  (Fig.  431).  In  Umbelliferous  plants  a  similar  but  more 
slender  prolongation  of  the  receptacle  is  extended  upwards  between 
the  contiguous  faces  of  the  two  united  ovaries  which  form  the  fruit 

FIO.  427.  The  enUrged,  top-thaped  Noeptacle  of  Neliimbliun,  leulng  th«  pistils,  Im- 
mened  in  hollows  of  its  upper  Ikce. 

FIG.  428.    Longitudinal  section  of  a  young  strawberry,  enlarged. 

FIO.  429.    Similar  section  of  a  young  Rose-hip. 

FIG.  480.    Oynsecium  of  Geranium  maoulatum,  or  Cranesbill,  enlargt>d. 

FIO.  481.  The  same  at  maturity,  with  the  five  pistils  spUtting  away  from  ttie  long  beak  or 
noeptacle  and  hanging  from  iU  top  by  their  styles. 
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in  that  family.    Oecasaonalty  one  or  more  of  the  intemodes  hetweeii 
ftaooessive  floral  circles  elongate ;  as  between  the  calyx  and  the 
ooroUa  in  Pinks,  and  especially  in  Silene,  forming  a  stalk  within  the 
odyx,  on  which  the  rest  of  the  flower  is  nused  (Fig.  432)  ;  while 
in  many  Gentians  the  inters* 
node  above  the  circle   of 
stamens  is  developedy  rais- 
ii^  the  pod  OB  a  stalk  of  its 
own.      This  is  a  coimnon 
case  in  the  Caper  fiunily ; 
in  winch  the  genus  Gynan- 
dfopsis  (Fig.  433)  exhibits 
a  remarkable  development 
of  the  whole  receptacle.    It 
is  enlarged  into  a  flattened 
disk,  where  it  bears  the  pet- 
als, and  is  then  prolonged  ^  ^ 
into  a  conspicuous  stalk  which  bears  the  stamens,  —  or  rather,  to 
winch  the  bases  of  the  stamens  are  adnate, — and  then  into  a  shorter 
and  more  slender  stalk  for  the  pistil ;  thus  separating  the  four  circles 
or  sets  of  organs,  like  so  many  whorls  of  verticillate  leaves.    The 
general  name  for  this  kind  of  stalk,  as  contradistinguished  from  the 
pedicel  or  stalk  of  the  flower,  is  the  Stipe  ;  and  whatever  organ  or 
eet  of  organs  b  thus  elevated  is  said  to  be  itipitate.    Whenever  it  is 
necessary  to  particularize  the  pordon  of  the  receptacle  thus  devel- 
4^>ed,  the  stipe  is  termed  the  ArUhophare  when  it  appears  just  above 
the  calyx,  and  elevates  the  petals,  stamens,  and  pis- 
tils ;  the   Gonophorcj  when  it  supports  both  the  stap 
mens  and  pistils ;  and  the  Gynophoref  Gynoboie^  or 
Carpopkarej  when  it  bears  the  gyntecium  alone.    The 
stalk  which  sometimes  suj^ports  each  simple  pistil  of  the 
gynoBcium  (as  in  Coptis  (nt  the  Goldthread)  is  called 
a  Thecaphar$,    This,  however,  does  not  belong  to  the 
reoeptacle  at  all,  but  to  the  pistil  itself,  and  is  ho- 
mologous with  the  lea&talk.  ^ 

4^.  A  Dilk  is  a  part  of  the  receptacle,  or  a  growth  from  it,  en- 
larged under  or  around  the  pistil.     Like  the  other  parts  of  the  flower, 

7IO.  4S3.    8«etkm  of  »  flower  of  SHeoe  PeDiMylfmnioa,  ibowliig  tta«  ftipe  or  antkopkart. 
FIG.  488.    FIoww  <^  Gymndropsin,  with  a  mnariubly  eloogfttad  reetpteelo. 
FIO.  434.    Dbk  of  Um  Onmg*,  anderiiMth  th*  pbtil  {hr^u^nom). 


Digitized  by 


Google 


268  THS  WLOWWtU 

it  b  hypogyntm9  (466),  wliea  free  from  all  union  either  with  the  {m* 
til  or  tlie  calyx,  as  in  the  Eue  and  the  Orange  (Fig.  434).  li  m| 
perigynout  (467),  when  it  adheres  to  the  hase  of  the  caljx,  at 

in  the  Buckthorn  (Fig.  4^, 
436) ;  aad  where  the  caljx  ii 
adnata  to  the  ovary,  as  in  the 
Apple,  Hawthorn  (Fig.  390)^ 
&ifi^  there  is  commonly  a  disk  in- 
terposed between  the  two.  The 
^  ^  disk  is  sometioMS  expanded  fin 

the  sununit  of  such  an  ovary,  when  it  is  aaid  to  be  epigptout  (469), 
as  in  ComuS|  and  all  Umbelliferous  planta. 


Sbot.  Y.    The  Floral  Envelopes  nr  PAsnouLAB. 

490.  Their  Demtopnent,  or  OrgUMpiy,  first  requires  a  brief  notice. 
The  fiower-bud  is  formed  in  the  same  way  as  the  kaf4md ;  tad 
what  has  been  stated  as  to  the  forraatioQ  of  the  leaves  of  the  branch 
(273)  equally  implies  to  the  leaves  of  the  flower.  The  sepals  are 
necessarily  the  earliest  to  appear,  which  they  do  in  the  form  of  so 
many  cellular  protuberances,  at  first  distinct,  inasmuch  aa  then  their 
tips  only  are  eliminated  fhrni  the  axis.  £ach  one  may  complete  ill 
development  separately,  like  an  ordinary  leaf,  when  the  sepals  r^ 
main  distinct.  Or  the  lower  and  kter-^iminated  portions  of  ths 
forming  organs  of  the  circle  coalesce  as  they  grow  into  a  ring,  whiehi 
further  developed  in  union,  forms  the  cup  at  tuie  of  the  gamopk^ 
hui  eaJyx.  In  some  oases,  it  would  appear  that  the  sepals  may  at 
first  grow  separately,  and  afterwards,  though  only  at  a  very  eariy 
period,  coalesce  by  the  cohesion  of  their  contiguous  parts.  The  sev- 
eral parts  of  an  irregular  calyx  are  at  first  equal  and  similar ;  the 
irregularity  appears  in  their  subsequent  unequal  growth,  The  pel* 
als  or  parts  of  the  oondla  originate  in  the  same  way,  a  little  later 
than  the  sepals.  Their  coalescence  in  the  gamopetalous  corc^  ii 
congenital ;  the  ring  which  forms  its  tube  fq>pearing  neariy  as  eariy 
as  do  the  slight  projections  which  become  its  lobes  and  answer  to  the 
summits  of  the  component  petals.  The  rudiments  of  the  petals  are 
visible  earlier  than  those  of  the  stamens :  but  their  growth  is  at  fint 

no.  4S6.    Fkmwof  ABaekttiom,4iowiBff»lM|»p«lg3rMMM«aL    Hm^ymfk^mftm 
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teUtfdedy  bo  that  the  Btamens  are  earlier  completed^  and  their 
anthers  surpass  them,  or  often  ftnish  theur  growth,  while  the  petals 
are  still  minute  scales:  at  length  they  make  a  rapid  growth,  and 
enclose  the  organs  that  helong  above  or  within  them.  Unlike  the 
sepals  in  this  respect,  the  base  of  the  petal  is  frequentty  narrowed 
kito  a  portion  which  corresponds,  more  or  less  evidently,  to  the 
petiole  (the  cktw)^  and  which,  like  the  petiole,  does  not  appear  until 
some  time  after  the  blade  or  expanded  part ;  the  summit  being  al-» 
wa)rs  the  earliest  and  the  base  the  latest  portion  formed.  As  the 
envelopes  of  the  flower  grow  and  expand,  those  of  each  circle  adapt 
themselves  to  each  other  in  various  ways,  and  acquire  the  relative 
positions  which  they  occupy  in  the  flower-bud.  Their  arrangement 
in  this  state  is  termed 

491.  Their  AstiTttloi  or  Pnefloration.    The  latter  would  be  the 

preferable  term ;  but  the  former  is  jn  common  use ;  the  word  ^sti-^ 
veUion  (literally  the  summer  state)  having  been  devised  for  the 
purpose  by  Limueus;— >for  no  obvious  reason  except  that  he  had 
already  applied  the  imme  of  Vernation  (the  spring  state)  to  express 
the  analogous  manner  in  whidi  leaves  are  disposed  in  the  leaf-*bud. 
Hie  same  terms  are  employed,  and  in  nearly  the  same  way,  in  the 
two  cases,  but  with  some  peculiarities.  As  to  the  dispcsiticn  of 
each  leaf  taken  by  itself,  the  corresponding  terms  of  vernation  (257) 
wfaoBy  apply  to  testtvatioa  The  arrangement  in  the  bud  of  the 
several  membera  of  the  same  floral  circle  in  respect  to  each  other,  is 
of  much  importance  in  systematic  botany,  on  account  of  the  nearly 
constant  characters  that  it  furnishes,  and  also  in  structural  botany^ 
fW»ii  the  aid  it  often  affords  in  determining  the  true  relative  super* 
position  or  succession  of  parts  on  the  axis  of  the  fk>wer,  by  observ*^ 
ing  the  order  in  which  they  overlie  or  envelope  each  other. 

492.  The  various  forms  of  estivation  that  have  been  distinguished 
by  botanists  may  be  reduced  to  three  essential  kinds,  namely,  the 
imkrictttive^  the  contorted  ot  eonvolutive^  and  the  vahvlar.* 

493.  LnhrieaUve  aostivation,  in  a  general  sense,  comprises  all 
the  modes  of  disposition  in  which  some  members  of  a  floral  circle 
are  exterior  to  the  others,  and  therefore  overlie  or  enclose  them  in 


*  We  should  properly  say  of  the  tutivaiion  that  it  is  imbricative,  convciutive, 
valvular,  &c,  and  of  the  calyx  and  corolla,  or  of  the  sepals,  &c^  that  they  are 
MHioie  or  imbncattd,  amvoluU,  valvate,  &c  in  SMtivation ;  but  each  prodsioo 
of  language  is  seldom  attended  to. 
23* 
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Ihe  bud.  Thk  miist  idmost  necessarily  oocor  wherever  tlie  ptrte 
are  inserted  at  distinguisliably  different  heights,  and  is  the  natoral 
result  of  a  spiral  arrangement.  The  name  is  most  significant  when 
successive  leaves  are  only  partially  covered  by  the  preceding,  as  in 
Fig.  207.  Here  they  manifestly  hreak  joinig,  or  are  disposed  like 
tiles  or  shingles  on  a  roof,  as  the  term  imhriceiUd  denotes.  It  is 
therefore  equivalent  to  the  spiral  arrangement  3  and,  on  the  other 
hand,  we  properly  apply  the  term  tmbneated  to  any  continoous 
succession  of  such  partly  overlying  members ;  as  when  we  say  of 
appressed  and  crowded  leaves  that  they  are  imbricated  on  the  stem, 
or  thus  express  the  whole  arrangement  of  the  scales  of  a  bud 
(Fig.  153),  or  a  bulb  (Fig.  172),  or  of  a  catkin  or  cone  (Fig.  209). 
The  alternation  of  the  petals  with  the  sepals,  4cc  necessarity 
renders  the  floral  envelopes  likewise  imbricated  in  the  bad,  taken  as 
a  whole.  But  in  proper  aestivation,  what  we  have  lo  designate  is 
the  arrangement  of  the  parts  of  the  same  floral  circle  (say  the  five 
sepals  or  the  five  petals)  in  respect  to  each  other. 

494.  Now  when  the  sepals  or 
the  petals  are  three  in  number, 
and  are  regnlariy  imbricated  in 
the  bud,  as  in  Fig.  437,  the  three 
leaves  are  arranged  just  as  in 
three-ranked  phyllotaxis  (23^ 
Fig.  203) ;  that  is,  with  the  first 
petal  exterior  to  the  others,  the  second  is  covered  by  the  first  on 
one  side  while  it  covers  the  third  on  the  other.  When  they  are  Srt 
(as  in  the  calyx  of  Geranium,  Fig.  439),  they  are  disposed  just  as  in 
five-ranked  or  quincuncial  phyllotaxis  with  the 
axis  shortened  (240,  Fig.  206) ;  via.  two  leaves 
are  exterior,  two  wholly  interior,  and  one  (the 
third)  with  one  edge  covered  by  No.  1  on  one 
side  while  it  covers  No.  5  with  its  other  edge.  So 
that  this,  the  regular  mode  of  imbrication  when 
the  parts  are  in  fives,  is  termed  qu{ncunei€ii  sbb- 
tivation,or  the  parts  are  said  to  be  qtUncHnciaUjf 


TIQ.  487.    Bbgnm  of  %  Uuw-kftTed  (tximeroos)  ctlpc  and  ootolU,  both  ImbriMlId  i* 
asttvatloD. 

110   488.    IMagmmof  thefMtfTathmof  thTMpetalt(nroMdrel8of  th•p•ti]s)or1llplO- 
lU,  BtmtUrly  Imbricated,  bat  strongly  «ownpplng,  each  B»klBg  mvIj  ft  eirels. 

Via.  489.    Diagmm  of  the  tmbricatlTe  vttivatloa  of  tho  valyx  and  th*  «oon)fai«lTO  i 
tloD  of  tho  corolU  of  Oonuiium ;  the  aejwls  nombeied. 
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mtrieaUd.  We  have  here  the  advantage  of  being  able  to  number 
the  successive  sepals,  or  petals,  ance  the  third  leaf  is  not  only  recog- 
nizable bj  its  intermediate  position,  but  also  uidicates  the  direciioa 
in  which  the  spiral  turns  (Fig.  206  and  Fig.  439). 

495.  It  must  be  recollected,  in  the  comparison,  that  the  ports  of 
laccessive  cycles  are  superposed  in  the  foliage,  while  those  of  the 
floral  circles  alternate.  Regular  imbrication  in  the  4-merous  flower 
^ves  two  outer  and  two  inner  members  in  aestivation  (as  in  the 
calyx  of  Cruciferous  blossoms,  Fig.  867),  on  the  principle  of  two 
decussating  pairs  of  leaves  (441) ;  or  it  may  sometimes  be  refer- 
able to  a  modification  of  some  idtemate  spiral  arrangenwnt 

496.  The  degree  of  overlai^ing  depends  upon  the  breadth  of  the 
parts  and  the  state  of  the  bud ;  it  naturally  grows  less  and  less  as 
the  bud  expands  and  is  ready  to  open.  It  is  from  tlie  full^^growa 
flower-bud,  just  before  atUhetis  (or  the  opening  of  the  blossom),  that 
our  diagrams  are  usually  taken ;  in  which  the  parts  are  represented 
as  moderately  or  sightly  overlapping.  The  same  overlapping  carr 
jned  to  a  greater  extent  will  cause  the  outer  leaf  to  envelope  all  the 
rest,  and  each  succeeding  one  to  envelop  those  within ;  as  shown  in 
Fig.  438  from  one  circle  of  petals  of  a  Magnolia  taken  in  an  early 
state  of  the  bud.  To  this,  however,  has  not  improperly  been  applied 
the  name  of  convdutey  from  its  similarity  to  the  convolute  vernation 
of  the  leaves  of  the  branch  (257),  similarly  rolled  up  one  within  the 
other.  But  it  is  practically  inconvenient,  and  wrong  in  principle,  to 
designate  difierent  degrees  of  the  very  same  mode  by  distinct  names  % 
furthermore,  it  is  to  the  next  general  mode  of  sestivation  that  the 
name  of  convolute  is  more  cmnmonly  applied,  at  least  in  recent  sys- 
tematic botanical  writings. 

497.  There  are  numerous  cases  of  imbricative  aestivation,  espe- 
cially in  irregular  flowers,  where  the  overlapping  of  parts  does  not 
altogether  accord  with  what  must  needs  be  their  order  of  succes- 
sion on  the  axis.  In  the  5-merous  calyx  and  corolla  of  all  truly 
papilionaceous  flowers,  for  example,  one  edge  of  the  sepal  or  the 
petal  No.  2  is  placed  under,  instead  of  over,  the  adjacent  edge  of 
'No.  4,  in  consequence  of  which  three,  ia«9tead  of  only  one,  of  tlie 
leaves  have  one  edge  covered  and  the  other  external ;  as  is  shown 
in  Fig.  358.  Since,  in  the  corolla  of  this  kind  of  blossom,  the  ex- 
terior petal,  here  the  vexillum  (472),  is  the  larger,  and  at  first  em- 
braces all  the  re!?t,  this  modification  of  imbricative  lestivation  hai 
received  the  name  of  vexiUary.    As  netu*ly  the  same  tiling  occurs 
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in  th6  Violet,  it  is  probftbly  caused  by  Bome  slight  dislocation  Ani 
takes  place  during  the  early  growth  of  organs  in  the  irregular  blos« 
soDL    It  is  not  restricted  to  irr^ular  fbwers,  however,  but  occurs 
as  a  casual  variation,  or  periif^  more  frequent- 
ly  than  the  quincuncial,  in  the  regular  eorella 
of  the  Linden  (as  is  shown  in  Fig.  440).    A 
slight  obliquity  in  the  position  of  the  petal  Na 
2,  assumed  at  an  early  period,  would  account 
for  the  whole  anomaly.    That  this  suggests 
the  true  explanation  is  almost  demonstrated  by 
**•  the  varying  testivation  of  the  corolla  of  the 

Linden ;  in  which  the  same  bunch  of  blossoms  often  furnishes  in- 
stances of  regular  quincuncial  imbrication,  of  the  modification  here 
referred  to,  and  of  a  similar  disposition  of  the  fifth  petal,  throwing 
one  of  its  edges  outwards  alsa  If  the  fhrst  petal  were  also  to  par- 
take of  this  slight  obliquity,  the  imbricative  would  be  completely 
converted  into  what  is  variously  named 

498.  The  contortedj  twiitedj  or  ctmrohiHve  estivation  (Fig.  439, 
441,  the  corolhi,  and  442).  In  this  mode,  the  leaVes  of  the  cirde  are 
all,  at  least  apparently,  inserted  at  the  same  height,  and  all  occupy 
the  same  relative  position :  one  edge  of  each,  being  directed  ob- 
liquely inwards,  is  covered  by  the  adjacent  leaf  on  that  side,  while 
the  other  covers  the  corresponding  margin  of  the  contiguous  leaf  on 
the  other  side.  ThiiJ  is  owing  to  a  torsion  or  twisting  of  each  member 
on  its  axis  early  in  its  development ;  so  that  the  leaves  of  the  fioral 
verticil,  instead  of  forming  arcs  of  a  circle,  or  sides  of  a  polygon 


having  for  its  centre  that  of  the  blossom,  severally  assume  an  obli^ 
direction,  by  which  one  edge  is  carried  partly  inward  and  the  other 
outward.     This  contorted  aestivation  is  rare  in  the  calyx,  but  com- 

f  10.  440.    Dingram  of  th«  plan  and  satiration  of  the  flow«r  of  Um  Unden. 

FIG.  441.  Diagram  of  tha  Imbricated  calyx  of  Wallflower  (two  outer  and  two  Inner  mf^), 
and  within  the  itnmgljr  eontorted  or  cooTolute  corolla.  442.  Corolla  of  the  latter  more  open. 
443.  Croes-eeetlon  of  the  plaited  tube  of  the  corolla  of  Campanula.  444.  Similar  ewtioa  of  tha 
plaited  and  tnperrf^ate  corolla  of  Coafotruloa. 
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man  enough  in  the  corolla.  When  this  obliquitj  of  poskkm  is  strong, 
the  petals  themselves  are  usually  oblique,  or  unequal-dded,  from  the 
lesser  growth  of  the  overlapped  side.  This  is  well  seen  in  the  pet* 
als  of  most  Malvaceous  plants,  and  in  those  of  the  St.  Johnswort.  In 
the  Pink,  however,  and  in  many  other  instances,  the  petals  are 
symmetrical,  although  strongly  convolute  in  sestivation.  When  tlie 
petab  are  broad,  this  convolute  arrangement  is  frequently  conspicu* 
ous  in  the  fully  expanded  flower,  as  well  as  in  the  bud.  The  con* 
vdotion  in  the  bud  is  often  so  great,  that  the  petals  appear  as  if 
stron^y  twisted  or  rolled  up  together,  each  being  almost  completely 
overlapped  by  the  preceding,  so  that  they  become  convolute  nearly 
in  the  sense  in  which  the  tierm  is  used  in  vemiUion ;  as  in  the  Wall- 
flower (Fig.  441,  442).  Although  there  is  some  diversity  of  usage, 
the  teims  convolute  and  contorted  in  eestivation  are  now  for  the  most 
part  employed  interchangeably,  or  nearly  so. 

499.  The  vabndar  or  vahate  lestivation  is  that  in  which  the  parts 
of  a  floral  circle  are  placed  in  contact,  edge  to  edge,  throughout  their 
whole  length,  without  any  overlapping,  as  in  the  calyx  of  the  Mal- 
low and  Linden,  Fig.  440.  Here  the  members  of  the  circle  stand  in 
an  exact  circle,  no  one  being  in  the  least  degree  lower  or  exterior. 
The  edges  of  the  s^tals  or  petals  in  this  case  are  generally  abrupt. 
or  as  thick  as  the  rest  of  the  organ ;  by  which  mark  the  valvate  sos* 
tivation  may  commonly  be  recognized  in  the  expanded  flower. 

500.  By  inflexion  of  the  edges,  the  valvate  aestivation  passes  by 
gradations    into    the    induplicaU   (Fig. 

445),  and  this,  when  the  margins  are  in-       0%^^       lo^^rx 
rolled,  into  the  involute  (Fig.  446),  as  is     «^  D  ^  f 

exemplifled  by  the  calyx  of  different  spe-      ^       ^       &  Qi^ 
cies  of  Clematis.    On  the  other  hand,  the         V^  ^^ 

valvate  calyx  of  many  Malvaceous  plants  **'  *** 

has  the  margins  projecting  outwards  into  salient  ridges,  or  is  redupli* 
cate,  in  aestivation. 

501.  In  the  Mignonette,  and  some  other  flowers,  the  aestivation  is 
open  ;  that  is,  the  calyx  mid  corolla  are  not  closed  at  all  over  the 
other  parts  of  the  flower  in  the  bud. 

502.  The  form  of  the  tube  of  the  calyx  or  corolhi  in  the  bud 
sometimes  has  to  be  considered.  Sometimes  it  is  plicate^  or  plaited 
lengthwise ;  and  the  plaits  may  be  turned  either  inwards,  as  in  the 

no.  44&  IMiignm  of  tlM  valirato-IiMluplkato  mttvfttlPB  of  th*  calyx  of  Cfemfttlt  VlrglBi* 
mmk,    448.  8«im  of  Clematia  ViticcUa,  the  ouiTsios  InTolate. 
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corolla  of  GentiAiis,  or  ootwardSyAs  in  (Iiat  ofCmnpRnalk  (Fig;  449>y 

When  these  plaits  are  laid  over  one  another  in  a  convolute  manner, 

^^  as  in  the  unopened  corolla  of  die  Moming-Gleiy 

(Fig.  444)  and  Stramonium  (Fig.  447, 448),  the 

lestivation  is  said  to  be  iupervohUe. 

503.  The  direction  of  the  spire  or  the  overlap- 
pmg  of  parts  may  be  cither  from  left  to  right,  or 
from  ri^it  to  left }  and  this  direction  is  general^ 
uniform.    In  indicating  the  direction,  it  is  moat 
natural  to  suppose  the  observer  to  stand  before 
the  flower-bud.     DeOandoUe,  indeed,  supposes  the 
observer  to  occupy  the  Centre  of  the  flower,  which 
would  reverse  the  direction ;  but  the  former  is  the 
prevalent  view.    The  direction  is  frequently  re- 
versed in  passing  from  the  calyx  to  the  corolla, 
sometimes  with    remarkable    uniformity;    while 
again  the  two  occur  almost  indifferently  in  many 
cases.     The  kind  of  asstivation,  although  often  the  same  both  in  the 
calyx  and  corolla,  —  as  in  Pamassia  (Fig.  381)  and  Elodea  (Fig- 
875),  where  both  are  quincuncially  imbricated,  —  is  as  frequently 
different ;  and  the  difierence  is  often  characteristic  of  families  or 
genera.    Thus,  the  calyx  is  valvate  and  the  corolla  convolute  in 
all  Malvaceae;  the  calyx  imbricated  and  the  corolla  convolute  in 
Hypericum,  in  the  prdper  Pink  tribe,  &c.     Solitary  exceptions  now 
and  then  occur  in  a  family.    Thus,  the  corolla  in  Bosacese  is  imbri- 
cated, so  far  as  known,  except  in  Gillenia,  where  it  is  convolute.    In 
general  it  may  be  said,  that  the  aestivation  of  the  corolla  is  less  con- 
stant than  that  of  the  calyx. 

504.  The  Calyx.  In  treating  of  the  general  structure  and  diver* 
sities  of  the  flower,  we  have  already  noticed  the  principal  modifi* 
cations  of  the  calyx  and  corolla,  as  well  as  many  of  the  terms  em- 
ployed to  designate  them ;  which  need  not  be  here  repeated. 

505.  The  number  of  sepals  tliat  enter  into  the  composition  of  a 
calyx  is  indicated  by  adjectives  formed  from  the  corresponding 
Gi^eek  numerals  prefixed  to  the  name ;  as,  diaepalousy  for  a  calyx  of 
two  sepals ;  frisepab>u9^  of  three  sepals ;  tetrtuepalougj  of  four ;  pen- 
iatepalaus^  of  ^ve ;  hexa$epalau8f  of  six  sepals  ;  and  so  on.  Very 
commonly,  however,  the  Greek  word  for  leaves,  jvAyifo,  is  used  in 

no  447.    Sammit  of  Um  nneKpaaded  coroUa  of  DatuM  mtMUUm.    448.  Ttmumw  ••»- 
4iooof  Ummuim. 
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mcb  composition ;  and  the  calyx  is  said  to  be  diphyBauSj  tr%phiflto<u$^ 
ietraphylhm^  pentaphylhuiyhexaphifUomy  4^<accordIng  a9  it  .is  con^ 
posed  of  two,  three,  fi>ur,  five,  or  jbXil  leaver  or  aepalg  respectively. 
Theae  terms  imply  that.tbe  leaves  of  ilie  calyx  are  distinct,  or  nearty 
sa  When  they  are  united  into  a  cup  or  (i^iie,  the  calyx  ivas  by  the 
earlier  botanists  incorrectly  said  to  be  ]9KMt<y»^yflStnif  (literally  one* 
leaved) ; — a  term  which  we  continue  to  n^e,  guarding,  however, 
agsinst  the  erroneous  idea  which  its  etymology  involves,^and  bearing 
in  mind  that  the  older  technical  language  in  botany  is  founde4  upon 
extemaL  iqppearance, and.not  the  real  structure^as  we  now  under- 
stand it.  The  correct  4enn,  caiyx  gamcphyPotu^  is  jx>w  coming  into 
use :  this  literally  expresses  the  true  state  of  the  case,  and  is  equiva- 
lent to  the  phrase  jqKib  united;  the  degree  of  coalescence  being  in* 
dicated  byadding^at  the.  base,^  ^.to  the  middle^"  or  ^  to  the  suiti- 
mit,*  as  the  case  may  be«  Still,  in  botanical  descriptions,  it  u  usual 
and  ordinarily  mort  convenient  to  regard  the  calyx  as  a  whole,  and 
to  express  tlie  degree  of  union  or  reparation  by  the  same  term^  as 
those  which  designate  the  degree  of  division  ^f  the  blade  of  a  leaf 
(281  -  287)  :  as,  for  example,  Calyx  Jivo-^ooihed^  when  the  sepals  of 
a  pentaphyllous  calyx  are  united  almost  to  the  top ;  Jtve^Iefy  when 
united  ia  about  the  n^iddle ;  five-parted^  when  they  are  separate 
almost  to  the  base ;  Bxtijive-Med,  for  any  clegvee  of  division  less 
than  fiv^-parted,  without  reference  to  its  particular  extent* 

506.  The  united  portion  of  a  gamophyllous  calyx  is.,  called  its 
Utbe ;  the  distinct  portions  of  the  sepals  are  termed  the  teeth,  ug^ 
wuntt^  or  Me$y  according  to  their  length  as  compared  with  the  tube ; 
and  the  orifice  or  summit  of  the  tube  is  named  the  throat  The 
calyx  b  said  to  be  &ntirej  wlien  tlie  leaves  of  the  calyx  are  so  com* 
^etdy  confluent  that  the  usargin  is  continuous  and  even.  The  terms 
refvtar  and  irregular  (44^  471)  are  applied  to  the  calyx  or  corolla 
separately,  as  well  as  to  the  whole  flower.  The  counterpart  term  to 
calyx  raonopliyllous  or  monosepalous,  is  polyphyllont  or  pciytepaUme 
(vix.  of  many  leaves  or  sepals).  Tliis  is  equivalent  to  the  phrase 
mpal$  dUtinet ;  and  does  not  mean,  as  the  etymology  might  lead 
One  to  suppose,  that  they  are  unusually  numerous. 

507.  The  Corolla  has  corresponding  terms  applied  .to  its  modiflca- 
^ons.  Wlien  its  petals  are  distinct  or  unconnected,  it  is  said  to  be 
pol^peialoift ;  when  united,  at  least  at  the  base,  nHmqpetalout,  or 
more  properly  gamopetalomj  as  already  explained.  Varioas  de- 
grees of  such  union  are  shown  in  Fig.  450  -  460.     Tlie  ujiited  j)Oiv 
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turns  in  the  latter  case  form  the  tube  of  the  corolla ;  the  distinct  parts 
are  the  ioheSy  HgrnenU^  &c.;  and  the  orifice  is  called  tlie  throatt 
just  as  in  the  calyx*  The  number  of  parte  that  compose  the  oorolla 
is  designated  in  the  manner  already  mentioned  for  the  calyx ;  viz. 
a  corolla  of  two  petals  is  dipetalous  ;  of  three,  tripetedous  ;  of  fiMir, 
tdrapdalous  ;  o£^Ye,pentapetal(mM  ;  of  fsix^  hexapetahus  ;  of  seven, 
heptapetalaui ;  ^eifgaiyOctopetaloui ;  c£ mne^ ennedqpetalous ;  often, 
decapeiahui. 

508.  Frequently  the  petals  (and  rarely  the  sepals)  taper  into  a 
stalk  or  narrow  base,  analogous  to  the  petiole  of  a  leaf,  wliich  is 
called  the  ^daw  {ungui$)  ;  and  hence  the  petal  is  said  to  be  unguicu- 
hie;  as  in  Cruciferous  flowers  (Fig.  405),  the  Pink  family  (Fig. 
482),  and  Gynandropsis  (Fig.  433),  &c ;  the  expanded  portion,  like 
that  of  the  leaf,  being  distinguished  by  the  name  of  the  ftumncr,  KnA^ 
or  Node* 


509.  Some  kmds  of  polypetalous  ffowers  receive  particular  i 
from  the  form  or  arrangement  of  their  floral  envelopes,  especially  of 
the  corolla.  They  may  be  divided  into  the  regular  and  the  irr^ular, 
-^  terms  which  have  already  been  defined  (446, 471).  Among  the 
rtgular  forms  we  may  mention  the  raacecus  flower,  like  that  of  the 
Bose,  Apple,  Ac,  where  the  five  spreading  petals  have  no  daws,  or 
yexy  short  ones ;  the  liliaceouiy  of  which  the  Lily  is  the  type,  where 
the  claws  cht  base  of  the  petals  or  sepals  are  erect,  and  gradually 
spread  towards  their  summite ;  the  caryoph^flaceoutj  as  in  the  Pink 
and  its  allies  (Fig.  449),  where  the  five  petals  have  long  and  narrow 

no.  MO.    Oc»oni«f  Soapirort,  «r  fire  sepMmte,  tone-clawed  or  mifvieiilRle  peteli. 
no.  460.    nowtc  of  0UI»  «r  Ipomopdf  ewouotilfollft ;  th« partt  Mmwriiig  to  ttw cfawirf 
Hm  iwtalB  of  tho  to«t  flgon  bore  all  nnltwl  Into  %  tobo. 
no.  451.    nowwof  tho  Onmv-TIne;  tlM  potalfaUttto  fkrthcr  united  intoaflvo-kM 


no.  488.    Ftowvof  IhonnanSeoriHMornhig-Olory.theflTepetalfltlteoapOMdorvw- 
tKt^  oalted  Into  a  tnunpoC-ahapod  tuba «  and  a  aiar^  cntin  spxvaOhig  bordai; 
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elaws,  which  are  enclosed  in  the  tuhe  of  the  calyx ;  and  the  eruciate^ 
or  eruct/ormj  which  gives  its  name  to  the  Mustard  family,  where 
the  fbar  unguiculate  petals,  diverging  equally  from  one  another, 
are  necessarily  disposed  in  the  form  of  a  cross,  as  in  the  Mustard 
(Fig.  405).  Among 
the  irregular  polypeta- 
loos  flowers,  which  are 
extremely  varied  in 
different  families,  the 
paptKonaeeout  or  but^  «•  «•  m 

terfy-^haped  corolla  of  the  Pulse  family  is  the  most  familiar,  and 
has  abeady  been  illustrated  (471,  Fig.  892). 

510.  Several  forms  of  the  gamopetalous  corolla,  or  gamophyl- 
lous  calyx,  have  been  distinguished  by  particular  names.  These 
are  likewise  divided  into  the  regular,  where  their  parts  are  equal  in 
size,  or  equally  united ;  and  the  irregular ,  where  their  size  or  de- 
gree of  unioQ  is  unequal  (471).  Among  the  former  are  the  cam^ 
panulaU  or  heU-ehaped,  as  the  ooroDa  of  the  Harebell  (Fig.  456), 
which  enlarges  gradually  and  regularly  from  the  base  to  the  summit; 


the  infundihUtform,  ixt funnd'Aaped,  where  the  tube  enlarges  very 
gradually  below,  but  expands  ividely  at  the  summit,  as  in  the  corolla 
of  Moming-Glory  (Fig.  1035  and  452)  ;  tubular^  where  the  fonn  is 
somewhat  cylindrical  throughout,  as  in  Trumpet  Honeysuckle ;  hgpo- 
craieri/orm  (more  correctly  hypocraterimorphous),  or  salver^apedj 

FIO.  468.  Boteto  or  wlMtl-«hAped  tnd  flve-partod  eoroUft  of  Um  BIttonwott  (Soluuia 
Dukaoiam). 

nQ.  464.    WliMl^ilwped  and  flT»-eleft  eorolU  of  tbo  eommon  Potato. 

FIO.  46&.    Tbo  almoti  ontlre  and  open  bell-«h«p«d  oorolU  of  a  Orooad  Cbt&grj  (Phynll^ 

no.  458.  Campanolate  corolla  of  the  Harebell,  Campaanla  rotiindlfoUa.  467.  8alfer> 
Shaped  corona  of  Fhlox.  468.  Labiate  (ringent)  corolla  of  Lamiam ;  a  aide  vlaw.  460.  P»* 
460.  Penonata  corolla  of  Unarla,  aponad  at  Um  baaa. 

24 
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^heretl^  Bmb  spreads  al  right  angles  witb  Ite  efmnmk  of  the  more 
or  less  elongated  tnbe^  as  in  the  «orolla  of  r}rpre8s->YiQe  (Fig*  451) 
«nd  Phl6x  (Fig.  457) ;  and  r^taie^  or  whed-9kap€ij  wlien  a  ^TPO* 
crateriform  ^corolla  has  a  veiy  short  tube,  as  ia  the  Forget  wne-no;^  Bit* 
tersweet  (Fig.  458),  and  Fbtato  (Fig.  454). 

511.  The  principal  irregular  gamopetalous  or  gamophyUoos  ferma 
that  have  received  a  separate  appellation  are  ^k^Uguiate  or  Mm^ 
thapedy  which  has  already  been  explained  (47^),  aad  the  (abiait  w 
bilabiate.  The  latter,  as  already  stated,  is  produced  by  tbe  unequal 
union  of  the  sepals  or  petals  (47S),  so  as  to  form  an  upper  and  « lower 
part,  or  two  lips,  As  they  are  cdled^  fipom  an  obvious  resemblance  to 
the  open  mouth  of  an  animal  (Fig.  458  —  460).  Tliis  varie^  is  id» 
most  universally  exhibited  by  the  ooroUa  of  the  Sage  or  Mint  family 
(which  is  therefore  called  LabiatSB),  as  well  as  of  several  related 
families ;  and  the  calyx  is  frequently  bilalnate  also^  as  ia  the  Sage. 
And  since,  in  the  eorc^  of  these  fionilies,  two  of  the  five  petals 
enter  into  the  composition  of  the  upper  lip,  and  three  into  diat  of  die 
lower,  this  is  necessarily  inverted  in  the  bilabiale  calyx,  three  of  the 
sepals  combining  to  form  the  upper  lip,  and  two  to  Hoem  the  kiwer. 

512.  When  the  upper  lip  is  arched,  as  in  the  ooroUa  of  Lamhmi 
'  (Fig.  458),  it  is  sometimes  called  the  ffalea,  or  helmet.  When  ihe 
I  two  lips  are  thus  gaping  and  the  throat  open,  the  corolla  is  said  to 

be  ringent^  When  the  mouth  is  closed,  or  partly  soy  by  an  elevated 
portion  or  protuberance  of  the  lower  lip^  called  the  paiaUy  as  in  the 
Snapdragon  and  Toadflax  (Fig.  459^  460),  the  corolla  is  said  to  be 
pereanaUy  or  nuuked. 

513.  In  the  Snapdragon,  the  base  of  the  corolla  is  somewhat  pro- 
tuberant, or  saccatey  on  the  anterior  side ;  in  the  Toadflax,  the  pro- 
tuberance is  extended  into  a  hollow  $pur,  A  projection  of  this  kind 
is  not  uncommon,  in  various  families  of  plants.  One  petal  c£  the 
Violet  is  thus  spurred  or  calcarate  (Fig.  397) ;  so  is  one  of  the  outer 
petals  m  the  Fumitory,  and  each  of  them  in  Dicentra  (Fig.  370).  So,- 
also,  one  of  the  sepals  is  spurred  or  strongly  sac-shaped  in  the  Jew^ 
weed  (Impatiens),  and  the  Larkspur  (Fig.  398)  ;  and  all  five  petals 
take  this  shape  in  the  Columbine.  A  monster  of  the  Toadflax  b 
occasionally  found,  in  which  the  fbur  remaining  petals  of  the  ^ve 
which  enter  into  its  composition,  affect  the  same  irregularity,  and  so 
bring  back  the  flower  to  a  singular  abnormal  state  of  reguhrily. 
This  was  called  by  Linnseus  Peloria  ;  a  name  which  is  now  used  to 
designate  the  same  sort  of  monstrosity  in  different  flowers. 
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514.  The  petals  are  semetimet  fbrnislK^d  witk  a{^nd«ged  on 
dieir  inner  surface,  rach  as  the  crown  at  the  summit  of  the  ckw  in 
Silene  (Fig.  378i,  449),  and  the  ecales  simiUurlj  ntuated  on  the 
gamopetakras  coroUa  of  the  Comfre^,  ^be.  These  appendages  some- 
times represent  a  circle  of  sterile  and  metamorphosed  stamens ;  but 
mere  commonly  thej  aeem  really  to  belong  to  the  petaL 

515.  As  to  duration,  sometimes  the  floral  envelopes  are  caducou9^ 
u  e.  Rifling  off  when  the  blossom  opens,  as  tlie  calyx  in  the  Poppy  fam* 
Ikf  and  the  corolla  of  the  Grape-Vine  (Fig.  384).  More  commonly 
they  are;€20e»<2Mati«,or  fall  after  expansion,  but  befi>re  the  fruit  forms. 
When  ikej  remain  until  the  fruit  is  formed  or  matured,  they  are 
perngtent^  which  is  often  the  case  with  the  calyx^  especially  when 
it  has  a  green  color  and  foliaceous  texture.  When  tliey  persist  in  a 
dry  or  withering  state,  as  the  corolla  of  Heaths,  Campanula,  &c^ 
ihtj  are  said  to  be  marcetcent 

51^  Besides  serving  as  organs  of  protection,  the  sepals  whfen 
green,  assimilate  sap,  and  act  upon  the  air  like  ordinary  foliage  (344, 
345).  The  petals,  like  other  unoolored  (that  is  greenless)  parts,  do 
not  evolve  oxygen,  but  abstract  it  from  the  air,  and  give  off  cai*bonic 
add;  in  other  words,  they  decompose  assimilated  matter, — a  pro- 
cess which  appears  to  be  needftil  in  flowering,  and  to  subserve  some 
important  end  at  the  time  (3C8— 373).  The  tissue  of  a  petal  is 
much  the  same  as  that  of  a  leaf,  except  that  it  is  much  more  delicate 
and  the  fihro-vascular  system  is  generally  reduced  to  slender  bundles 
of  a  few  spiral  vessels^  &e^  which  form  its  veins. 

Sect.  VI.    Tna  Staukks. 

517;  The  Stamns  have  already  been  considered  in  a  general  way 
(418).  Before  describing  their  etructure  more  particularly,  the 
piincipal  terms  which  relate  to  thw  number,  connection,  and  posi- 
tion may  be  mentioned.  Most  of  these  terms  were  devised  by  Lin- 
nsHis  as  names  of  the  classes  of  his  Artificial  System  of  classification 
(Part  IL  Chap.  IV.),  ioiiiided,  mainly  upon  characters  furnished  by 
the  stamens.  Their  number  in  a  flower  is  accordingly  expressed 
by  the  names  of  the  eleven  or  twelve  earlier  Linmean  classes  (990),. 
pot  into  adjective  ibrm.  Thus,  a  flower  with  one  stamen  is  said  to* 
be  monandrom  ;  with  two,  di€uidrom  ;  with  three,  triandrous  ;  witlt 
four,  telrandroui  ;  with  five,  pentandrQus  ;  with  six,  hexandrom  ; 
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with  seven,  hepUxndroui  ;  with  eight,  w^tandrovu  ;  with  nme,  i 
drous  ;  with  ten,  decandrout ;  with  twelve^  dodecoiukvus.  When 
more  than  twelve,  and  inserted  on  the  calyx,  they  ave  i$ocandroM§j<tt 
when  inserted  on  the  receptacle,  polyandr<m$* 

518.  As  to  their  union  with  each  other,  this  may  take  place  in 
various  ways.  Sometimes  the  filaments  ace  combined,  while  the 
anthers  are  distinct  When  thus  united  by  their  filaments  into  one 
set,  they  are  said  to  be  monadelphaus  ;  as  in  the  Lupine,  &c.  (Fig; 

462)  and  Mallow. 
When  united  by  their 
«  filaments  into  two 
sets,  they  are  diadd' 
phaui^  as  in  most 
plants  of  the  Pulse 
fiunily,  where  nine 
stamens  form  one  set 
and  the  tenth  is  soli- 
tary (Fig.  461);  and 

in  Dicentra  (Fig.  369-371),  where  the  six  stamens  are  equally  oom- 

bined  in  two  sets.  Wlien  united  or  ar- 
ranged in  three  sets  or  parcels,  they  are 

said  to  be  triadelphomy  as  in  the  com- 
mon St.  Johnswort;   or  if  in  several, 

pofyaddphoug ;   as  in  Linden.     When 

stamens  are  xmited  by  their  anthers  into 

a  tube  or  ring,  they  are  said  to  be  jyn- 

genenout  (Fig.  463,  464).     This  occurs 

in  the  whole  vast  order  of  Compositte. 

Here  the  five  filaments   are  distinct; 

wliereas  in  Lobelia,  and  also  in  the 

Melon  and  Gourd  (Fig.  465,  466),  both  ^ 

the  filaments  and  the  anthers  are  united ;  that  is,  the  stamens  are 

monadelphous  as  well  as  syngenesious. 

519.  As  to  insertion,  stamens  are  hypogipumg  (466)  when  bdrne 
on  the  receptacle,  that  is,  when  not  adnate  to  any  other  organ ; 

FIG.  461.  I>ladelphoaa  stmmens  (9  uid  1)  of  a  Pwl  462.  Mooadelphoai  ituncni  of  a 
Lapfne. 

FIO.  463.    FIvttqmgeoerfoiuttuMUoCaCoaiporite.    464.   JIm  now,  kid  opan. 

FIO  465.  Column  of  sUmeni  at  once  trUuIelphooi  and  ayngcnetioaa,  of  th«  Ooord:  Um 
floral  enrelopea  cut  away.  466.  A  croan-Mctloa  of  Mtm  unitod  ant2i«»r«,  mtarlj  Um  natuial  sbt. 
4G7.  A  alnQoiu  anther  of  tbe  MaUm. 
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perigy^us  (467)  when  borne  on  or  adnate  to  any  part  of  the  calyx ; 
epipeialoiUj  when  borne  on  the  corolla,  as  in  the  greater  number  of 
monopetakms  flowers;  and  tpi^ynotn  (469), 
when  borne  on  the  ovary.  In  8ome  cases  the 
adnation  proceeds  further,  and  the  stamens  are 
inserted  on,  i.  e.  are  consolidated  with,  the 
style,  as  in  the  Orchis  family ;  then  they  are 
said  to  be  gynandrous  (Fig.  468). 

920u  There  are  two  cases  in  which  inequal- 
ity in  the  length  of  tlie  filaments  is  expressed  by 
a  technical  term.  Namely,  the  stamens  are 
Kind  to  be  dtdynamous  when,  being  only  four 
in  mimber,  they  are  in  pairs,  and  one  pair  is  ^ 

longer  than  the  other ;  as  in  Gerardia  (Fig.  407),  and  in  most  flowers 
with  a  bilabiate  corolla.  And  they  are  tetradipiamous  when,  being 
six  in  number,  two  are  shorter  than  the  remaining  four,  as  in  Mus- 
tard and  all  that  fiunily  of  plants  with  Cruciferous  flowers  (Fig.  406). 

521.  A  stamen  consists  of  its  JUametU  and  its  anther  (418). 
The  filament,  being  a  mere  stalk  or  support  of  the  anther,  is  not  an 
essential  part ;  it  is  to  the  anther  what  the  petiole  is  to  the  blade  of 
a  leaf.  Sometimes,  therefore,  it  is  wanting,  when  the  anther  is 
Memle,  The  anther  is  essential  to  a  perfect  stamen.  But  sometimes 
a  stamen,  or  what  stands  in  the  place  of  one,  is  destitute  of  an  anther, 
L  e.  is  gterile^  as  in  Fig.  408 ;  and  also  the  upper  one  in  Fig.  468, 
st^  which  is  a  sterile  filament  enlarged  into  a  petal-like  body.  The 
true  nature  of  the  organ  is  known  by  its  position. 

522.  The  Filiunentf  although  usually  slender  and  stalk-like,  assumes 
a  great  variety  of  forms :  it  is  sometimes  dilated  so  as  to  resemble  a 
petal,  except  by  its  bearing  an  anther;  as  in  the  transition  states  be- 
tween the  true  petals  and  stamens  of  the  Water-Lily  (Fig.  844).  The 
filament  is  anatomically  composed  of  a  central  bundle  of  spiral  ves- 
sels or  ducts,  which  represent  the  fibro-vascular  system  of  the  leaf, 
in  the  same  state  as  in  the  petiole,  enveloped  by  parenchyma ;  the 
outer  stratum  of  which  forms  a  delicate  epidermis. 

523.  Tlie  Antheri  which  is  the  essential  part  of  the  stamen,  is  usu- 
ally borne  on  the  apex  of  tlie  filament ;  and  commonly  consists  of 
two  hheSy'Or  cells  (thecai\  placed  side  by  side,  and  connected  by  a 
prolongation  of  the  filament,  called  the  conn«c^ttnim,  or  connective* 

no.  488.    8tain«nt  «iid  ityle  of  a  Cypripedlnm,  vnltsd  into  om  bodj  or  nhann:  a, «, 
•atliKS :  St,  a  sterilo  stamnn :  Uig.  ttia  stigma. 

24* 
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524.  The  attacliment  of  the  anther  to  the  fiknient  pfesenU  three 
principal  modes.  1st  When  the  base  of  the  connective  exaistl/ 
corresponds  with  the  apex  of  the  filament  and  with  the  axis  of  the 
anther,  the  latter  is  termed  inna^  and  rests  firmly  npon  the  summit 

of  the  fiUmient,  as  in  Fig;  469.  2d. 
When  the  lobes  of  the  anther  adhere 
fw  their  whole  length  to  a  prolongsp 
tion  of  the  filament,  or  to  a  broad 
ecmneetiTe  (whichever  it  be  called), 
8o  as  to  appear  lateral,  it  is  said  to 
be  adnate;  as  in  Magnolia,  lirie- 
dendron  (Fig.  470),  dbc  Here  the 
anther  must  be  either  txtrorte  or  m»- 
trww.  It  is  intrortey  or  turned  in- 
wardBf  when  it  occupies  the  inner 
side  of  the  connective,  and  faces  the  pistils,  as  in  Magnolia?  birt 
when  the  anther  looks  aWay  from  the  pisUls  end  towards  the  petds 
or  sepals,  it  is  said  to  be  extrorse,  or  turned  outwards,  as  in  Irw, 
Liriodendron,  and  Asarum  (Fig.  472).  8d.  When  the  anther  is 
fixed  by  a  point  near  its  middle  to  the  apex  of  the  filament,  on  wWch 
it  lightly  swings,  it  is  said  to  be  versaHU  ;  as  in  aU  Grasses,  in  the 
Lily,  and  in  the  Evening  Primrose  (Fig.  471),  Ac  In  this  case,  fa 
in  the  preceding,  the  anther  is  said  to  be  introree,  Or  incwnheni, 
when  it  is  turned  towards  the  pistil,  which  is  the  most  common 
way ;  and  extrorse,  when  it  feces  outwards. 

525.  The  connective  is  often  inconspicuous  or  wholly  wanting,  bo 
diat  the  R)be8  of  the  anther  are  directly  in  contact  on  the 
apex  of  the  filament ;  but  it  is  commonly  evident.  It  is 
often  produced  into  an  appendage  at  tlie  tip  of  the  anther, 
as  in  IMagnolia  and  Liriodendron  (Fig.  470),  the  Papaw 
(Fig.  956,  where  it  forms  a  rounded  top),  and  Asarum 
^Fig.  472).  Appendi^s  or  processes  from  the  back  of 
the  connective  are  seen  in  the  stamens  of  the  Violet  and  of 
many  Ericaceous  plants. 

526.  Each  of  the  two  cells  or  lobes  of  the  anther  is  marked  with 
a  lateral  line  or  furrow,  rtuming  from  t<^  to  bottom  ;  this  is  the 


FIG.  469.  A  ftunra  of  iMpyram 
dmdroo,  or  TuUp-trae,  with  an 
with  Um  mther  fixed  by  Iti  mlddl* 

FIO.  ilZ.  A  ttamen  of  a—>«i»i 


UtonnitmH,  irttk  m  Inaate  rathflr     47S.  8laiBeB«ri4rfO' 
extrorw  anUiar.    471.  Stunra  oC  <EDotlMn  gtod»i 

Uh  aa  idnftto  asUicr. 
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mturtf  or  Hne  of  dehiteenct^  by  irhicli  the  anther  opens  at  maturity 
•to  discha!rge  the  pollen  (Fig.  473).  This  line  is  for  the  most  part 
-exactly  kteral  in  innate  anthers ;  but  it  looks  more  or  less  evidently, 
and  ^en  directly,  inward  in  introrse,  and  outward  in  extrorse 
•anthers.  In  certain  cases  the  cells  of  the  anther  open  only  at  the 
sttmmit,  by  a  pore  or  hole,  as  in  Py- 
lola  (Fig.  474)  and  most  Ericaceoos 
|»lant8.  In  the  Whortleberry  family 
each  cell  or  lobe  is  commonly  pro- 
longed into  a  tube,  which  opens  only 
at  the  apex  (Fig.  391).  In  the  Bar- 
berry (Fig.  475),  and  in  nearly  all 
plants  of  the  Barberry  family,  the 
whole  face  of  each  anther-cell  sepa- 
rates by  a  continuous  line,  forming  a  kind  of  door,  which  is  attached 
at  the  top,  and  turns  back,  as  if  on  a  hinge :  in  this  case  the  anthers 
are  said  to  open  by  yalves.  In  the  Sassafras  (Fig.  1114),  and  many 
other  plants  of  the  Laurel  family,  each  lobe  of  the  anther  opens  by 
two  such  valres,  like  trapdoors. 

527.  Sometimes  the  anthers  are  one-celled  by  the  suppression  of 
one  lobe,  being  Umidtaiej  or  reduced  as  it  were  to  half-stamens,  as 

in  Gomphrena  or  Globe-Amaranth  (Fig.  478). 
But  most  one-celled  anthers  are  the  result  of 
the  confluence  of  the  two  cells  into  one.  A 
comparison  of  the  two-celled  anther  of  Pent- 
stemon  pubescens,  where  the  two  cells  diverge 
below  and  are  somewhat  united  at  the  top 
(Fig.  476)  with  the  kidney-shaped  one-celled 
anther  of  a  Mallow,  opening  by  a  continuous 
line  all  round  the  margin  (Fig.  477),  shows 
how  this  result  is  brought  about. 

528.  As  to  anatomical  structure,  each  lobe  of  the  full-grown 
anther  consists  of  an  epidermal  membrane,  lined  with  a  delicate 
^brous  tissue,  and  surrounding  a  cavity  filled  with  pollen.    Thb 


no.  «7a;  A  fCuMtt, «ltti  Its  aniliev,!, opmOag  in  tht  wanaal  maann  down  th*  wbolt 

Inigth  oC  ttM  oot«  ride  of  Mch  oeU :  a,  the  flkment. 

710.  474.  Stamen  of  a  Pyrok ;  eeeh  cell  of  the  anther  opening  bj  a  terminal  orifice.    . 

no.  479.  StamM  of  a  Bnrbeny ;  the  ceHs  off  tho  anther  opening  \if  an  npUfted  Talve.' 

no.  470.  A  etamen  of  Pentatemon  pubeeeena ;  anther^ells  slightly  confluent 

TIQ.  47T.  Stamen  of  BfaUow ;  the  two  cells  confloent  Into  one,  opening  round  the  maxgla.- 

no.  478.  Anther  of  Globe  Amannth,  of  only  one  eeU ;  the  other  oell  obliterated. 


Digitized  by 


Google 


284  TIIS  FLOWER* 

fibrous  lining  (a  little  of  whicli  is  shown  in  Fig.  45,  from  the  anther 
of  Cobcea)  is  composed  of  simple  or  branching  threads  or  bands, 
%?hich  formed  the  thickening  deposit  on  the  walls  of  large  paren- 
chymatoas  cells ;  all  the  membrane  between  the  bands  becoming  ob- 
literated as  the  anther  approaches  maturity,  the  latter  alone  remain^ 
AS  a  set  of  delicate  fibres.  This  fibrous  layer  gradually  diminbhes 
in  thickness  as  it  approaches  the  line  of  dehiscence  of  the  cell, 
and  there  it  is  completely  interrupted.  These  very  elastic  and  hygno- 
fnetric  threads  lengthen  or  contract  in  different  ways,  according 
as  the  anther  is  dry  or  moist,  and  are  thought  to  favor  the  egress 
of  the  pollen.  The  outer  stratum  of  the  wall  of  the  anther  in  dry- 
ing contracts  more  than  the  inner,  and  so  opens  the  cell,  in  many 
cases  turning  the  walls  inside  out  after  dehiscence,  as  in  Lilies 
and  Grasses. 

529.  Of  all  the  floral  organs,  the  anther  shows  least  likeness  to 
a  leaf.  Nevertheless,  the  early  development  is  nearly  the  same. 
Like  the  leaf,  the  apex  is  earliest  formed,  i^pearing  first  as  a  solid 
protuberance,  and  the  anther  is  eom^^eted  before  the  filament,  whidi 
answers  to  the  lea&talk,  makes  its  appearance.  At  first,  the  anther 
is  of  a  greenish  hue,  although  at  maturity  the  cells  assiune  a  differ- 
ent color,  more  commonly  yellow.  A  transverse  seetioo  of  the  form- 
ing anther  shows  four  places  in  which  the  transformatioa  of  the  paren- 
chyma into  pollen  commences,  which  answer  to  the  centre  of  the 
four  divisions  of  the  parenchyma  of  a  leaf,  vie  the  two  sides  of  the 
blade,  each  distingubhed  into  its  upper  and  its  lower  stratimL    So 

that  the  anther  is  primarily  and  typically  four-celled ; 
each  lobe  being  divided  by  a  portion  of  untransformed 
tissue,  stretching  from  the  connective  to  the  opposite 
side,  which  corresponds  to  the  margin  of  the  leaf  and 
the  line  of  dehiscence.  This  appearance  is  presented 
by  a  large  number  of  full-grown  anthers :  but  the  par- 
tition usually  disappears  before  the  anther  opens,  when 
each  lobe  becomes  single  celled.  The  normal  anther 
is  consequently  considered  as  two-celled.  In  Meni- 
spermum  and  Ck>cculus,  however,  the  anther  is  strongly 
four-lobed  externally,  and  each  lobe  forms  a  distinct 
cell  at  maturity. 

530.  Viewed  morphologically,  therefore,  the  filament  answers  to 

FIG.  479.  Pfan  of  a  ttamen  ai  antwOTing  to  a  leaf;  tba  nppar  part  of  tho  aoOar  oat  a«Vi 
and  tbo  aammit  of  a  laaf  reprewntad  above  it. 
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(he  petiole  of  a  kaf ;  the  anther,  to  the  blade.  Tlie  connective 
represents  the  midrib ;  the  lobes  or  cells  of  the  antlier  represent  the 
two  symmetrical  halves  of  the  blade ;  and  the  line  of  dehiscence  is 
normally  along  the  margins  of  the  transformed  leaf.  What  in  the 
leaf  would  be  cells  of  parenchyma  develop  as 

531.  Pollea.  This  usually  powdery  substance  consists  of  gr^ns, 
of  definite  size  and  shape,  uniform  in  the  same  plant,  but  oflen  very 
different  in  different  species  or  families.  The  grains  are  commonly 
single  cells,  globular  or  oval  in  shape,  and  of  a  yellow  color.  But 
in  Spiderwort  they  are  oblong ;  in  the  Cicliory  and  Thistle  tribes 
many-sided  (Fig.  485)  ;  in  the  Musk-plant  spirally  grooved  (Fig. 
480}  ;  in  the  Mallow  family  (Fig.  483)  and  the  Squash  and  Pump* 


^ 


Idn,  beset  with  bristly  projections,  &c  The  pollen  of  Pine  (Fig. 
486),  as  wen  as  that  of  the  Onagrace»  (Fig.  487,  489),  is  not  so 
simple,  but  appears  to  consist  of  three  or  four  blended  cells ;  that  of 
all  true  £ricace»  evidently  consists  of  four  grains  or  cells  united 

m  IBt  m  487  4S8 

(Fig.  488).    The  most  extraordinaiy  shape  is  that  of  Zostera,  ot 
the  £el-gra88  of  salt-water,  in  which  the  grains 
(destitute  of  the  outer  coat)  consist  of  long  and 
slender  threads,  which,  as  they  lie  side  by  side 
in  the  anther,  resemble  a  skein  of  silk. 

532.  PoUen-grains  are  usually  formed  in  fours, 
by  the  division  of  the  Hving  contents  of  mother  *"• 

cells  first  into  two,  and  these  again  into  two  parts,  which,  acquiring 
a  coat  of  cellulose,  become  specialized  cells  (36).  As  the  pollen 
completes  its  growth,  the  walk  of  the  mother  cells  are  usually  oblit- 
erated.   But  sometimes  the  enclosing  cells  persist,  and  collect  the 

TIO.  480-488.  7onM  ot  poIWii :  480,  Arom  Iflmolitf  BMfchatef :  481,  Slejot :  482,  Eehl« 
Boeystis:  488,  HiMwas:  484,  LUjr:  485,  Clcbozy:  486,  Pin*:  487,  drcM;  488,  Kalmia: 
480,  Stralng  PrimroM* 
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pollen-graing  into  cDherent  masseft  of  yandus  ooAsisteiioey  as  k  re^ 
markably  the  case  in  tlie  Ordiis  and  Millcweed  families  (F^.  54^ 
&C.).    Such  polUn'ma$$e$  are  sometimes  termed  poBinia, 

533.  The  threads,  resemUiBg  cobweb,  tbat  are  loosely  mixed  w^ 
the  pollen  of  the  Evening  Primrose,  are  the  vestiges  of  o^tenrted 
mother  cells* 

534  Pollcn-gnuns  have  two  coats.  The  outer  coat,  called  the 
txtiney  is  comparatively  thick,  and  oflen  granular  or  fleshy.  This  is 
later  formed  than  tlie  inner,  and  by  a  kind  of  secretion  from  it  i  to  it 
all  the  markings  belong.  The  iikner  coat,  or  intuu^  which  is  the 
proper  cell-membrane,  is  a  very  thin  and  ddieate,^  transpar^it  and 
colorless  membrane,  of  considerable  strength  for  its  thioknesa.  Hm 
pollen  of  Zostera  and  of  some  other  aquatic  pUmts  is  destitute  of  the 
outer  coat  (531). 

535.  The  cavity  enclosed  by  the  coats  is  filled  with  a  visdd  liquid, 
rich  in  protoplasm,  which  often  appears  slightly  turbid  under  the 
higher  powers  of  ordinary  microscopes,  and,  when  submitted  to  a 
magnifying  power  of  about  three  hundred  diameters,  is  found  to 
contain  a  multitude  of  minute  particles  (ybrt&e),  the  larger  of 
which  are  from  the  four-thousandth  lo  the  five-thousandth  of  an  inch 
in  length,  and  the  smaller  only  one  fourth  or  one  sixth  of  this  sise. 
The  smaller  exhibit  the  constant  molecular  motion  of  all  such  mi- 
nute particles  when  suspended  in  a  liquid  and  viewed  mider  suffi- 
cient magnifying  power.  When  M^etted,  the  grains  of  pollen  prompt- 
ly absorb  water  by  endosmosis  (37),  and  are  distended,  changii^ 
their  shape  somewhat,  and  obliterating  the  longitudinal  folds,  oae  or 
more  in  nUmber,  which  many  grains  exhibit  in  the  dry  state.  Soon 
the  more  extensible  and  elastic  inner  coat  inclines  to  force  its  wij 
through  the  weaker  parts  of  the  outer,  especially  at  t>ne  or  more 
thin  points  or  pores  ;  sometimes  forming  a  projection  of  considovble 
length,  when  the  absorption  is  slow  and  the  exterior  coating  toog;h. 
If  the  absorption  continues,  the  distention  soon  overcomes  the  resist- 
ance of  the  elastic  inner  coat,  whidi  bursts,  and  the  contents  are  di^^ 
charged. 

536.  Wheh  fresh,  living  pollen  falls  upon  the  stigma,  however^ 
which  is  barely  moist,  it  does  not  burst,  but  the  inner  membrane  ii 
slowly  projected,  oflen  through  particular  points,  defts,  or  opemn||B 
of  the  outer  coat,  ifi  the  form  of  an  attenuated  transparent  tube  (Figi 
587-547),  filled  with  its  fluid  contents  and  which  penetrates  the 
naked  and  loose  cellular  tissue  of  the  stigma,  and  buries  itself  ia 
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the  etjle.  This  is  not  a  mechwiical  protrusioiv  but  a  true  growth^ 
tba  materials  for  which  are  supplied  by  nourishment  imbibed  from 
the  stigma  and  stjle*  Its  further  course 'and  the  office  it  subserves 
will  be  considered  after  the  structure  of  the  pistil  is  made  known. 
(Sect  IX.) 

Sect,  VIL  Thr  Pistils. 

^37.  Tbe  Pistils  (419)  occupy  the  centre  of  the  flower,  and  ter- 
Bunate  the  axis  (tf  growth.  Linnaeus  established  the  orders  of  his 
Ajrtiiicial  System  mainly  upon  the  pistils,  and  this  introduced  a  se- 
ries of  terms  expressive  of  their  number  in  a  flower,  analogous  to 
those  used  for  the  number  of  stamens  (5X7).  Thus  a  flower  with  a 
single  pistil  is  said  to  be  monogynou$  ;  with  two,  digynoit^  ;  with  three, 
trigffnouB  ;  with  foMV^  Utragynoui  ;  with  ^ye^  peniagynous ;  and  so 
OB :  when  more  numerous  or  indeflnite,  the  flower  is  polygynous. 

538.  It  is  comparatively  seldom  that  the  pistils  are  exactly  equal 
to  the  petals  or  sepals  in  number ;  they  are  sometimes  more  numer- 
ooSy  and  arranged  in  several  rows  upon  the  enlarged  or  prolonged 
receptacle,  as  in  the  Magnolia,  the  Strawberr}'^,  &c.,  and  perhaps 
inofe  frequeidy  they  are  reduced  to  less  than  the  symmetrical  num* 
her,  or  to  a  single  one.  Tet  often  what  appears  to  be  a  single  pistil 
is  not  so  in  reality,  but  a  compound  organ,  formed  by  the  union  of 
two,  three,  or  a  greater  number  of  simple  pistils ;  these  organs  being 
subject  to  coalescence  in  the  same  way  as  the  stamens  (518)  and  thQ 
petals  (507,  462). 

539.  A  simple  and  complete  pistil,  as  already  described  (420),  is 
composed  of  three  parts :  the  Ovary,  or  seed-bearing  portion ;  the 
Stixe,  or  tapering  portion,  into  which  the  apex  of  the  ovary  is  pro- 
longed ;  and  the  Stioia,  usually  situated  at  the  summit  of  the  style, 
coosisting  of  a  part,  or  sometimes  a  mere  point,  of  the  latter,  divested 
of  epidermis,  with  its  moist  cellular  tissue. exposed  to  the  air.  The 
ovary,  which  contains  tlie  ovules,  or  bodies  which  are  to  become 
seeds,  is  of  course  a  necessary  part  of  the  pistil ;  the  stignui,  which 
feoeives  from  the  anthers  the  pollen  (531)  by  which  the  ovules  are 
fertilized,  is  no  less  necessary ;  but  the  intervening  style  is  no  more 
essential  to  the  pistil  than  the  filament  is  to  the  stamen,  and  is  there? 
lore  not  uncommonly  wanting.  In  the  latter  case,  the  stigma  is 
u$$iU  upon  the  apex  of  the  ovary.  In  Tasmannia  it  actually  occu- 
pies the  side  of  the  ovary  for  nearly  its  whole*  length,  and  is  sepa- 
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rated  from  the  liiie  to  irlnch  the  ovules  are  attached  only  bjr  Ike 
thickness  of  the  walk :  it  is  nearij  the  same  in  our  Schizandra 
(Fig.  493),  another  plant  of  the  Magnolia  family.  Ihe  stjle  some- 
times proceeds  from  the  side^  or  even  frtxn  near  the  a^Muvnt  base 
of  the  ovary ;  as  in  the  Strawheny  (Fig.  428). 

540.  When  the  pistil  is  single,  or  when  several  coalesce  mto  one,  it 
will  necessarily  terminate  the  axis,  and  i^pear  to  be  a  direct  eoa* 
tinuation  of  it  When  there  are  two  pistils  in  the  flower,  they  id* 
ways  stand  opposite  each  other  (so  that  if  they  coalesce  it  is  bf 
their  inner  faces)  ;  and  are  either  latend  as  respects  the  flower,  tint 
is,  one  on  the  right  side  and  the  other  on  the  left,  in  a  plane  at  right 
angles  to  the  bract  and  axis  (444),  as  in  the  Mustard  family,  the 
Grentian  family,  and  a  few  others ;  or,  more  commonly,  caUerwr  and 
posterior y  one  before  the  axis  and  the  other  before  the  bract  of  ^ 
axillary  flower.  When  they  accord  in  number  with  the  sepals  or 
petals,  they  are  either  opposed  to  or  alternate  with  them ;  and  the 
two  positions  in  this  respect  are  sometimes  ibund  in  nearly  related 
genera,  so  as  to  baffle  our  attempts  at  explaining  the  cause  of  the 
difference.  In  Pavonia,  for  example,  the  five  pistils  are  c^yposle 
the  petals  ;  in  Malvaviscus  and  Hibiscus,  alternate  with  them.  In 
Sida  (when  five)  they  stand  opposite  the  petals ;  in  Abutilon,  opposite 
the  sepals. 

541.  Pistils  occur  under  such  a  diversity  of  ibrms,  and  exhibit 
such  various  complications,  that  the  plan  of  their  structure  and  the 
distinction  between  simple  and  compound  pistils  require  to  be  irell 
understood.  CcMnmencing,  therefore,  with  the  most  natural  fonns, 
and  proceeding  gradually  to  the  more  complex  or  disguised,  we  first 
consider 

542.  The  Simple  Pistil,  and  the  way  in  which  it  answers  to  a  ka£ 
A  simple  pistil  answers  to  a  single  leaf.  A  compound  pistil  answers 
to  two  or  more  leaves  combined,  just  as  a  monopetalous  oon>na 
answers  to  two  or  more  petals,  or  leaves  of  the  flower,  united  mto 
one  body.  As  to  its  morphology,  the  botanist  regards  a  simple 
pistil  as  consisting  of  the  blade  of  a  leaf,  curved  inwards  until  Its 
margins  meet  and  unite,  forming  in  this  way  a  closed  case,  or  pod, 
which  is  the  ovary.  So  that  the  upper  face  of  the  altered  leaf 
answers  to  the  inner  surface  of  the  ovary,  and  the  lo\ver,  to  its 
outer  surfSfice.  Ajid  the  ovules  are  borne  on  what  answers  to  the 
united  edges  of  the  leaf.  The  tapering  summit,  rolled  together 
and  prolonged,  forms  the  style,  when  there  is  any  \  and  the  edges 
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tt  the  altered  leaf  turned  outwards,  either  at  the  tip  or  along  the 
inner  side  of  the  style,  form  the  stigma.  This  vdll  he  clearly  un« 
derstood  on  comparing  Fig.  842  and  Fig.  491,  which  are  pistils 
transYersely  divided,  with  Fig.  490,  a  leaf  curved  inwards  until  its 
margins  nearly  meet,  and  with  Fig. 
492,  a  simple  pistil  of  Caltha  or 
Marsh-Marigold  which  has  matured, 
split  open  along  the  inner  side  to 
<fisekarge  the  seeds  it  bore,  and 
spread  out  into  the  shape  of  a  leaf. 

^43.  The  line  formed  by  the  union 
€€  the  margins  of  the  leaf  is  called 
the  Inner  or  Ventral  Suiure^  and 
always  looks  towards  the  axis  of  the  m 

fkmer*     This  b  a  true  suture,  or 

eeamj  as  the  word  denotes*  The  opposite  line,  answering  to  the  mid- 
rils  is  sometimes  apparent  as  a  thickened  line,  and  is  termed  the 
OiUer  or  Dorsal  Suture,  The  ovules  or  young  seeds  are  borne  (in 
aU  ordinary  cases  at  least)  on  the  inner  suture,  or  some  part  of  it ; 
that  is,  on  what  answers  to  the  united  margins  of  the  infolded  and 
transformed  leaf.  The  part  in  the  cell  of  the  ovary  to  which  the 
ovules  are  attached,  and  which  is  commonly  more  or  less  enlarged 
or  projecting  when  the  ovules  are  numerous,  is  named 
.  544.  The  Plteeotl*  As  this  corresponds  with  the  ventral  suture, 
and  is  in  &ct  a  part  of  it,  or  a  cellular  gro¥nh  from  it,  it  always 

belongs  next  the  axis  of  the  flower ; 
as  is  evidently  the  ease  when  two, 
/jA  I  V  r         /  i  V    '     ^I'^C)  or  more   pistils   are   present. 

Zfl^  yi  \  CJl3  Each  placenta  necessarily  consists  of 
r^Bi  ///  m  (^^)  two  parts,  one  belonging  to  each  margin 
yUtI  yi  Jg  Vjyr  of  the  transformed  leaf.  It  therefore  is 
V — y       \jjr         ^  frequently  two-lobed,  or  of  two  diverg- 

«•»  «••  *~  ing  lamella  (Fig.  342).    This  shows 

why  the  ovules  arc  apt  to  occupy  two  longitudinal  rows,  as  in 


vie.  40S.    AletflBlbld«d,toilhittmto(lMUiaof7ortlMforiiifttkmorth«plst^ 

FIG.  491.  Pistil  of  Ifopjnmi  biternatam,  cut  aeroM ;  the  inner  or  OTale-betring  side 
tosned  towmrdfl  the  obwrrer. 

FIO.  481    Blpe  pislil  of  CaltlM  fMOaitrli,  alter  opmiinff  and  di«hargin«  tho  seedi. 

jriG.  4S&  Vertical  aeetlon  of  a  pistil  of  Schlsandra  coccinea ;  a  side  riew.  494.  Pistil  of 
Hydrastis.  495.  Pistil  of  Actssa  mlira,  cut  across,  so  as  to  show  the  interior  of  the  orarj  (the 
Teotial  aotove  tonied  towards  the  ohatmry. 
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the  figure  last  ched,  and  in  Fig.  491,  495,  &c^  one  row  fadongingfo 
each  margin  of  the  leaf.  A  nniple  putil,  aoeordmgly,  can  hftve 
only  one  placenta ;  but  that  is  structorallj  doable. 

545.  So  a  single  pistil  e»n  have  onfy  one  style  and  one 


I  But  as  the  stigma  answers  to  th)e  margins  of  the  apex  of  the  lea^ 

this  must  also  be  double  in  its  nature.  And  this  is  evidently  the 
case  in  the  Peony  and  Isopyrum  (Fig.  491),  in  the  TuHp,  as  well 
as  in  Fig.  493-^495,  and  in  almost  all  easeft  in  which  the  stigma 
extends  down  the  inner  face  of  the  style,  as  it  frequently  does. 
Such  unilateral  stigmas  we  aecordin^y  take  to  be  the  typical  ibrm ; 
and  say  that,  while  the  united  margins  of  the  transformed  leaf  whidi 
compose,  the  ventral  suture  are  turned  inwards  into  the  eeUefthe 
ovary  to  hear  the  ovules,  in  the  simple  style  they  are  exposed  extemd- 
ly  to  form  the  stigmcu  Where  the  stigma  is  temunal,  or  occupies 
only  the  apex  of  the  style,  we  suppose  that  these  margms  are  in- 
folded in  the  style  abo^  and  form  in  its  interior  the  loose  conducting 
tissue  through  which  a  communication  is  estaUished  between  the 
stigma  and  the  interior  of  the  ovary. 

546.  The  ovary  of  a  simple  pistil  obviously  can  have  but  one 
cavity  or  cell ;  except  from  some  condition  out  of  the  natural  order 
of  tilings.  But  the  ocmverse  does  not  hold  true :  all  pistils  of  a  sin- 
gle ceU  are  not  simple.  Many  compound  pistils  are  one-celled,  as 
will  presently  be  explained. 

547.  A  leaf  or  member  of  the  gyneecium  then,  when  sepente, 
forms  a  simple  pistil ;  when  combined  with  others,  it  makes  part  of  a 
compound  pistiL  It  is  convenient  to  have  a  name  which  shall  desig- 
nate a  single  pistil-leaf,  whether  occurring  as  a  distipcC  simple  pistil, 
or  as  an  element  of  a  compound  pistil.  *  For  this  purpose  the  name 
of  CAnncL  has  been  devised.  A  carpel  is  either  a  simple  pistil, 
or  is  one  of  a  circle  of  leaves  which  compose  a  compound  pistiL 
When  the  pistils  are  distinct  from  each  other,  they  are  said  to  ^ 
•apocarpous ;  when  united  into  one  body,  syncarpous*  This  onioo 
produces  a 

548.  Compoond  PiltiL  All  degrees  of  union  of  the  carpels  may 
be  observed,  from  the  coalescence  of  the  lower  part  of  their  ovaries, 
their  summits  remaining  separate  (as  in  Fig.  496),  or  from  the  eom- 
plete  union  of  the  ovaries  into  one  body,  the  styles  remaining  sepa- 
rate (as  in  FigL  497),  to  the  complete  ooakseence  of  the  styles  also 
(Fig.  408),  and  even  of  the  stigmas  (Fig.  499),  into  one  body.  R  is 
evidently  the  same  as  if  two  or  more  pistils  (in  Fig.  497  -  499,  three 


Digitized  by 


Google 


THE  .OOMPOIS^'D  PISTIL. 


$di 


fifldli)  were prassed  togetlier  as  ibey  greif  and ooosolidatediAore or 
iewooanpletelj  into  one.  And  in  ihk,  the  most  nonnal  case,  we  have 
as  the  result  compound  piadls 
i^.  With  two  0r  moie  Gdli  ud  Me  BmbUb*    For  it  >  evident 


that,  if  the  eontiguoos  parts  of  a  whorl  of  Aree  or  more  otosed  car- 
pels cohere,  the  resulting  compound  ovary  wiH  have  as  manj  cavi- 
ties, or  cells,  as  there  are  carpels  in  its  composition,  and  the  placentn 
(one  in  the  inner  angle  of  each  carpel)  will  all  be  brought  together 
in  the  axis  of  the  compound  pistiL  And  the  partitions,  or  DlssEP- 
iVENTs,  which  divide  the  compound  ovarj  into  ceUs,  manifestlj 
consist  of  the  united  contiguous  portions  of  the 
walb  of  the  carpels.  These  necessarily  are 
composed  of  two  layers,  one  belonging  to  each 
carpel ;  and  in  ripe  pods  they  often  split  into 
the  two  layers.  True  dissepiments  mnst  alwa3r8 
be  equal  in  number  to  the  carpels  of  which  the 
compound  pistil  is  composed. 

550.  In  certain  cases,  indeed,  there  are  ad^  *** 

tional  partitions,  ovfdUe  dUsepimeiUu    These  are  conmioidy  projec- 

710.  496L    Pistil  of*  SftilfVace.  competed  of  tm^  earpele  or  ibnple'piatilf  united  bdow,  bo* 
aOaetabow;  eat MMisbotbab0««aad below. 

no.  497.    PktUoCeoBmooSt  Johnewort,<rfCbieeoiiHedevmriee;  tbelrftjleedlsfiDet 
..no.  498.   TlM«aM«r«MttMripeeleeofStJoluinrort<^jpetleaMpf«IUe«m;,tbeilyli0 
«1»  united  Into  one,  wbfch,  liewever.  epllt  apart  la  the  fruit. 

ne.4fl8L   PlaUl  <i  TwilMaanfli  m  8pMerwect»  etea  the  tfam  engMM  ■rfted  toto  vm. 
1b»  omrr  la  «U  eat  eefOM  te  ahoir  thakitemal  ftnietank 

.nO.fiOO.    CnM»-«eetloncraflow«rofFlax;eaehefUieaw«eUB«nha«faiyfa>t^dl«Mi4 
^  an  hnperfcet  Alia  partUlM  fkan  the  back. 
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tions  or  growtlis  from  the  dorsal  suture ;  whether  in  a  simple  pistil  (as 
that  of  most  species  of  Astragalus,  Fig.  805),  or  from  the  back  of 
each  proper  cell  of  a  compound  pistil,  as  in  the  Service-berrj,  the 
Bluebeny,  and  the  common  Flax  (Fig.  500). 

551.  We  have  considered  onlj  the  case  of  compound  pis^  of  two 
or  more  cells  in  ^e  ovaiy.  But  compound  pistils  also  not  unfie- 
quentlj  occur 

552.  Wifh  011I7  Me  Cell.  And  of  these  there  are  two  kinds  to  be 
noticed,  those  with  axiUj  and  those  with  parietal  placenUe,  That  is, 
in  the  first,  the  ovules  are  borne  in  the  axis  or  centre  of  the  ovaiy, 
either  at  the  base  or  on  a  column  which  occupies  the  centre ;  in  the 
second,  thej  are  borne  on  some  part  of  the  parietes  or  walls  of  tke 
ovarj.     The  first,  viz. 

553.  Willi  i  Fite  Central  Plteenta,  is  found  in  the  Primrose,  Poidane 
(Fig.  389),  and  Pink  families  (Fig.  432,  501,  502). 
In  the  Pink  familj  this  evidently  results  from  the  ob- 
literation of  the  dissepiments  (as  many  as  Uiere  are 
styles  or  stigmas)  ;  and  vestiges  of  these  may  be  de- 
tected at  an  early  stage,  and  sometimes  at  the  base  of 
the  full-grown  ovary ;  while  certain  plants  of  the  same 
family,  of  otherwise  identical  structure,  retain  the  par- 
titions even  in  the  ripe  pod.  In  other  instances,  as  in 
Diona^  Thrift,  &c,  this  is  doubtless  a  modification  of 
parietal  placentation,  with  ovules  jnroduced  only  at  the 
bottom.    This  brings  us  to  the  case  of  compound  one- 

"^  celled  pisUls 

554.  Vith  Parietal  Plaeent»»  that  is,  with  the  placentas  borne,  oa 
the  sides  or  parie-, 

tes  of  the  ovary, 

as  in  the  Poppy^ 

Caper,   Gstus   or 

Rock-Rose    (Fig.     X   "^    >'      ^ 

507),  Violet,  Sun-  _  _  _ 

dew    (Fig.    510), 

and  Currant  fiunilies,  and  many  others.    To  comprehend  this  per* 

no.  SOL  Vfftlcal  •eetion  Ihroagh  th«  eompoimd  trleupdluy  Ofwf  ot  a  phal  of  Sp«|i- 
krift  rabim,  thowlnc  the  Aree  oeotml  plaMnta.    60S.  TmureiM  MetioB  of  th«  mobm. 

no.  608-006^  INagnuM  UhistiMIng  fMrietel  and  Apm  cntnl  pbenitotioii.  60B.  Ci«i- 
■Mtioaof  a  trieMp«UM7  ow7i  with  a  ftw  eoitnl  pteewtA,  prodoeed  bjr  th«  otHtemtlM  ^ 
ih»dianpfaMi)tt.  eOL  SwUod  of  m  ovary  wHhUow  itrletljriMrietia  ptoeenlM.  MS.  SoM^ 
Moept  ttaat  tiMCt  ait  iaoompWte  partttloBS. 
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fectlj,  we  have  only  to  imagine  two,  three,  or  any  number  of  pistil- 
leaves  (like  Fig.  490),  arranged  in  a  circle,  to  unite  with  one  another 
by  their  contiguous  edges,  either  without  any  intro- 
flexion  or  infolding  at  all  (Fig.  504),  or  at  least 
without  their  infolded  edges  having  reached  the  cen- 
tre and  united  there  (Fig.  505,  506).  The  combina- 
tion is  accordingly  much  like  that  by  which  petals 
unite  to  form  a  monopetalous  corolla,  only  the  edges 
of  the  pistil-leaves  are  always  turned  in,  where  they 
bear  the  ovules.  Such  an  ovary  may 
well  be  compared  with  the  valvate  un- 
opened calyx  of  Clematis,  the  margins 
of  the  sepals  more  or  less  turned  in- 
wards (Fig.  445).  Every  gradation  is 
found  between  axile  and  parietal  pla- 
centation,  especially  in  the  St  Johns- 
wort  family  (Fig.  508,  509)  and  in  the  Gourd  £umly. 

555.  An  ovary  with  parietal  placentae  is  necessarily  one-celled; 
except  it  be  divided  by  an  anomalous  partition,  such  as  is  found  in 

Cruciferous  plants,  and  in  the  Trum- 
pet Creeper. 

556.  It  will  be  seen  that  parietal 

placentae  are  necessarily  double,  like 

the  placenta  of  a  simple  ovary,  or  of 

each  carpel  of  a  compound  several- 

*"  "*  celled  ovary ;  but  with  this  difference, 

that  in  these  the  two  portions  belong  to  the  two  margins  of  the 

same  carpel ;  while  in  parietal  placentae  they  are  formed  from  the 

coalescent  margins  of  two  adjacent  carpels. 

557.  The  number  of  carpels  of  which  a  compound  ovary  consists 
is  indicated  by  the  number  of  true  dissepiments  when  these  exist ; 
or  by  the  number  of  placentae,  when  these  are  parietal ;  or  by  the 
number  of  styles  or  stigmas,  when  these  are  not  wholly  united  into 
one  body.     Thus  a  simple  pistil  has  a  single  cell,  a  single  placenta, 

FIO.  606.  PUa  of  a  one<«ned  anrj  with  three  parietal  plaeents,  ent  aeroM  below ;  the 
upper  part  ihowlng  the  top  of  the  three  leaTes  It  Is  compoeed  of,  approaehinf,  but  not  onited. 

FIO.  607.  Orary  of  HeUanthemom  CanadenM,  cut  acroai,  showing  the  omlea  on  three 
parietal  plaoents. 

FIO.  COS.  Transreree  eectJon  of  the  orary  of  I^pericum  graveolens ;  the  three  laiga 
plAoentM  meeting  In  the  centre,  but  not  cohering.  609.  Similar  eectionofaripe  pod  of  the 
iBiD0 ;  the  plaoentM  now  evidently  parietal. 
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and  a  single  style.    A  pistil  of  two  carpels  may  be  two-celled,  widi 
two  placentae,  two  styles,  or  two  stigmas,  dec* 

•  There  aie,  howerer,  eome  excepdDiit  n^ldeh  qntlify  the«e  iftemeato :  ~ 
1.  E«eh  ^Meota  boiqg  a  dooUe  «igaa  (SM),  it  oocasioaiaij  Jufypent  thi( 
the  two  poitioiit  are  wpsnted  more  or  lest,  m  in  OrobanchAoeoiB  plaots,  where 
a  dicarpellary  oTmry  appears  on  this  account  to  hare  foor  parietal  placenue ; 
either  approximate  in  pairs  (as  in  our  CanoerHrool,  ConophoUa),  or  eqaidis* 
tant  (as  in  Aphylkm). 

S.  Aaalogoos  to  this  is  iIm  case  where  the  tuo  leiistitniirt  eksMats  of  th^ 
stigna  (the  only  essential  part  of  the  s^)  separate  into  two  halfetigmas,  as  is 
pavtially  seea  in  Hg.  494, 495.  The  stigma,  no  less  than  the  placenta,  belongs 
to  the  maiig^  of  the  infolded  leaf  (545),  these  nuu^gias  heiag 
emdiferam  in  the  orary  and  ttigma^eron*  ia  the  stjle ;  as  Mr. 
Brown,  the  most  pfofoond  botanist  of  thiS'  or  any  age,  has 
dearly  shown.  These  two  eonstitiKnt  portions  of  the  stjie  or 
stigma  occasionally  separate,  either  entirely  or  in  part,  b»  in 
Saphotbiaoeoas  plants,  in  Onuses,  and  especially  in  Droaem 
(Fig.  ftlO),  whers  there  are  oonseqaently  twice  as  aiaay  nearly 
distinct  styles  as  there  are  parietal  plaoentsi  In  the  oompoand 
ovaiy  If  the  two  component  parts  of  the  style  of  each  carpel 
were  reanUed  into  ooe^  in  the  nsnal  manner,  their  anmbei; 
woold  e<ioal  the  plaoentss,  and  their  position  would  be  alter* 
naie  with  the  latter.  Bat  since^  in  parietal  plaoentatioa,  each 
kalffhcmta  is  oooflnent  (not  with  its  feUow  of  the  same 
carpel,  bat)  with  the  oontignons  htdfipHacaiia  of  the  adjacent  carpel,  it  wereinrd^ 
no  greater  anomaly  for  the  elements  of  saoh  half§iigma$  as  those  of  Drosera  to 
follow  the  same  coarse.  This  is  precisely  what  takes  place  in  Famassia,  and  in 
other  cases  where  the  stigmas  are  opposite  the  parietal  placent» ; — cases  which 
were  thought  to  be  Tery  anomalous,  merely  on  account  of  the  adoption  of  a 
false  principle  (that  of  the  necessary  alternation  of  the  stigmas  and  placeots)^ 
bat  adiich  are  really  no  more  extraordinary  than  parietal  placentation  itself 

a.  Fnrthennore,  the  production  of  ovules  is  not  always  restricted  to  what 
answers  to  the  margins  of  the  oaipeUaiy  leares.  In  the  Poppy,  the  whole  sur-. 
fhce  of  the  long,  imperfect  partitioBs  is  eoTored  with  oyales ;  in  Botomus,  they 
are  borne  orer  the  whole  internal  face  of  each  carpel,  and  in  Water-lilies  orer 
the  whole  snr&ce,  except  the  inner  angle  of  each  cell,  where  akme  thej  normally 
belong.  Reduced  to  two  in  the  allied  Water-Shield  (Brasenia,  Fig.  684),  the 
ovules  grow  from  the  dbno/  titfvrv,  or  the  midrib  of  the  caipellary  leaf  alone ! 
And  in  the  allied  Cabomba  itself  we  asnally  find  its  three  ovules,  one  on  th^ 
dorsal  and  one  on  te  Tentral  suture,  and  the  third  on  some  rariable  part  of  the 
face  of  the  cell  in  the  ridnity  of  either  suture.  In  Obolaria,  Bartonia  (Centau- 
rella,  Michx. ),  and  in  several  species  of  Gentian,  a  compound  ono^^elled  ovaiy  is 
ovnlifeious  over  the  whole  fi^e  of  the  cell  I 
All  placentation  is  very  differently  explained  by  those  who  adopt  the  bypoth- 

VIO.  510.    PiitUor  Drown  fllUbraU,  with  thrM  dMpIy  two-purt«l  ttylM:  tb«  Ofuycvl 
■oroit,  showing  thre*  pwletal  plMienta. 
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5oS-  WKen  the  styles  are  sejmnite  towards  the  summit,  but 
united  below^  they  are  usually  described  as  a  single  organ ;  >vhicli 
is  said  to  be  partedy  clefts  hbedy  &c,,  according  to  the  extent  of  cohe* 
sion.  This  language  was  adi^Hed^  as  in  the  case  of  leaves  (281) 
and  floiti  envelopes  (402),  kmg  before  the  real  structure  was  under>> 


csis  of  8<4ileiflen,  Kndlichcr,  and  others.  According  to  this  nev  viov,  since  buds 
regularly  arise  from  the  axils  of  leaves  and  from  the  extremity  of  the  stem  or 
axis,  and  only  in  some  exceptional  and  abnormal  eases  from  the  margins  or 
florfiMe  of  leaves,  so  omlesy  which  are  viewed'  as  a  form  of  bodsi  are  considered 
to  siise  from  the  receptacle,  either  from  the  axis  of  the  flower,  like  terminal- 
bods,  or  from  the  Hxils  of  the  carpellary  leaves,  like  axillary  buds.  Thus, 
pUccnts  arc  snpposed  to  belong  to  the  stem,  and  not  to  the  carpellary  leaves ; 
and  a  onc^cefled  Ovary,  with  one  or  more  ovules  arising  from  the  base  of  the 
cell,  would  ncntly  represent  the  typhml  state  of  the  gymeciiun.  This  theory,' 
which  the  httclligent  student  may  easily  apply  in  detail,  offers  a  ready  explana- 
tion of  free  central  placcntation,  ospecially  in  snch  cases  as  Primula,  &c^  where 
not  a  trace  of  disscphnents  is  ever  discoverable.  But  in  Caryophyllacese  the 
dissepiments  are  often  manifest.  In  applying  it  to  ordinary  central  placcnta- 
tion, we  have  to  suppose  Che  cohesion  of  the  inflexed  maigins  of  the  carpeH^ 
leaves  witli  a  central  prolongation  of  the  axis  or  receptacle  which  bears  the 
placentae.  But  in  patietal  placcntation,  the  advocates  of  this  theory  arc  driven 
to  the  violent  supposition  that  the  axis  divides  within  the  compound  ovary  into 
twice  as  many  branches  as  the  carpels  in  its  composition,  and  that  these  branches 
regularly  adhere,  in  pairs,  one  to  each  nuugin  of  all  the  carpellary  leaves.  Its 
application  is  attended  with  still  greater  difficulties  in  the  case  of  simple  and 
uncombincd  pistils,  where  the  ovules  occupy  the  whole  inner  suture,  which  miut 
be  taken  as  the  typical  state  of  the  gyniecium ;  bat  to  which  the  new  hypothesis 
can  be  adapted  only  by  supposing  that  an  ovuliferons  branch  of  the  axis  enters, 
each  carpel,  and  separates  into  two  parts,  one  cohering  with  each  maigin  of  the 
metamorphosed  leaf.  This  view,  however,  not  only  appears  absurd,  but  may 
he  disproved  by  dhfect  observation,  as  it  has  been  most  completely  by  those 
monstrosities  in  which  an  anther  is  changed  into  a  pistil,  or  even  one  part  of 
the  anther  is  thus  transformed  and  bears  ovules,,  while  the  other,  as  xvcll  as  the 
filament,  remains  unchanged ;  -^  a  case  where  the  ovules  are  far  removed  from 
anything  which  can  possibly  belong  to  the  axis.  We  may  further  remark,  that 
even  tlie  appearance  of  a  placenta  or  ovuliferous  body  in  the  apparent  axil  of  a 
carpellary  leaf  no  more  proves  that  the  body  in  question  belongs  to  the  axis, 
than  thiit  the  appendage  before  die  petals  of  Pamassia  and  the  American  Lin- 
den represents  a  branch  instead  of  a  leaf.  As  to  the  terminal  naked  ovule  of. 
the  Tew,  where  the  structure,  on  any  view,  is  redneed  to  the  greatest  )x>ssiblo 
simplicity,  it  is  surely  as  probable  that  it  answers  to  the  earliest  formed,  or 
foUoTy  portion  of  the  ultimate  ph}ton,  here  alone  developed,  as  to  the  cauline  part, 
which  so  seldom  appears  in  the  flower.  Tlie  most  important  of  these  points 
are  elucidated  by  Mr.  Brown,  in  PUmtcs  Javanica  liariorea,  pp.  107-112,  in 
two  notes,  which  apparently  uro  not  sufficiently  studied  by  botanists. 
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8too(l :  but,  as  it  involvea  an  erroneous  idea,  the  eicpreMions  ShjjUi 
distinct ;  united  iU  the  base ;  united  to  the  nUddie^  or  iummitf  kt^ 
as  the  case  may  be,  should  be  employed  in  preference. 

5^9.  A  few  casual  exceptions  ocour  to  the  general  rule  that 
ovules  and  seeds  are  both  produced  and  matured  within  an  ovaffj^ 
nnmeljy  in  a  closed  carpellaiy  leaf  or  set  of  combined  carpellary 
leaves.  In  the  Blue  Cohosh  (Caulophyllum  tlialictroides)  the  ovules 
mpture  the  o%'ary  soon  after  flowering  and  the  seeds  become  naked ; 
and  in  Mignonette  they  are  imperfectly  enclosed,  the  ovary  being 
open  at  the  summit  from  mi  early  period*  In  all  such  eases,  how- 
ever, the  pbtil  is  formed  and  the  ovules  are  fertilised  in  the  ordi* 
nary  way. 

5G0.  Gynscimn  pf  GTmnospermoos  Plants.  A  far  more  remarkable 
exception  is  presented  by  two  natural  families,  viz.  Conifene  (Pines, 

Furs,  &C.)  and  C^cada^seffr 
(Cycas,  Zamia).  Her» 
the  pistil,  as  likewise  the 
whole  flower,  is  reduced  to 
the  last  degree  of  simplid* 
••*  •"       ty;  each  fertile  fk>wercoo« 

sisting  merely  of  an  open  carpellary  leaf,  in  i)lace  of  an  ordinary  pistil, 
in  the  form  of  a  scale  (Fig.  511  -  513,  515,  51 C),  or  of  some  other 
shape,  and  bearing  two  or  more  o^'ules 
upon  *;ome  part  of  its  upper  surface.  At 
the  time  of  blossoming,  these  pistil-leaves 
of  the  forming  cone  diverge,  and  the  pol- 
len, abundantly  shed  from  the  staminate 
blossoms,  falls  directly  upon  the  exposed 
ovules.  Afterwards  the  scales  close  over 
(*|ich  other  until  the  seeds  are  ripe.  In  the 
Yew  there  is  no  carpel  or  pistil-leaf  at  all ; 
but  the  fertile  blossom  consists  of  a  solitary       Yfll  V^' 

naked  ovule,  borne  on  the  extremity  of  a 

FIO.  51L  Scal^  1.  ♦.  open  pistil,  fWmi  the  cone  of  a  hueh,  at  the  time  of  floweri^  cr  a 
UtUtkter;  the  upper  f«d* eeMi,  wiUi  its  piJr  of  MkedoTalee. 

FIG.  612.  8liniUrtieworaUrehtesle,irheQUiewed«ai«pwtljfmwii.  SIS.  AMtow 
■cale,  one  of  the  aeedt  in  iU  pleee,  the  other  IkUeo  (iMooed  in  liM).  514.  A  reed  <ietMfaeJ, 
with  ite  wing. 

riQ  51&  Braoehlet  of  the  American  Arbor-VItie,  eoofidefahij  kiaer  than  In  BatBn,4ir> 
ninated  by  iU  pUtlllate  flower*,  each  eoneUting  of  a  tingle  aoale  (an  open  pl«tU),  tegetfaff 
forming  a  unaU  cone.  616.  Oneof  theMaleeor  p|etlfairamovwlaaaBon«Bla«|ea,theiMUt 
cxpoMd  to  Tiew,  showing  a  pair  of  naked  OTuks  on  ite  baee. 
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tiioti  branchy  And  6dm>ifnded  hf  a  few  small  bracts.  As  the  ovules 
are  here  naked  and  exposed  to  the  direee  contact  of  the  pollen,  and 
the  seeds  are  not  enclosed  m  anjrtfaing  answering  to  a  pod,  these 
hai^  received  the  name  of  GniKOSPKaHOus  Plants,  that  is,  plants 
with  naked  seeds. 


Sect.  VIIL    The  Ovule. 

561.  Ovules  (4fO,  548)  are  bodies  borne  bj  the  pistil,  which,  on 
being  fertilized  and  having  an  embryo  developed  in  them,  become 
seeds.  To  their  formation,  fertilization,  and  protection  all  the  other 
pirts  df  the  bloasom  are  subservient  They  vary  greatly  in  num- 
ber, from  one  (iolitary)  in  each  caipel  or  cell  to  a  multitude.  Wlien 
-kw  and  uniform  in  nnmber,  tliey  are  said  to  be  definite  ;  when  too 
aumerous  to  be  readily  counted,  indefinite. 

562.  As  to  situation  and  direction,  they  are  erect  when  they  arise 
from  the  very  bottom  of  the  cell  (Fig.  518) ;  aecendingj  when  £xed 
above  Its  base  and  rising  obliquely 
upwards  (Fig.  517);  karisantalj 
wlien  they  project  from  the  side  of 
the  cell,  without  turning  either  up- 
wards or  downwards  (Fig.  842)  ; 
pendidou*^  when  they  hang  ix  turn 
obliquely  downwards  (Fig.  887)  \ 
and  suepended  when  hanging  perpendicularly  from  the  very  summit 
of  the  cell  (Fig.  519).  These  terms  apply  to  the  seed  as  well  as  to 
the  ovule. 

563.  An  ovule  is  at  first  a  minute  projection  of  the  placenta  (Fig. 
580),  of  sofl  and  homogeneous  parenchyma ;  but  it  soon  acquires  a 
defiiute  form  and  structure.  It  may  be  either  sessile,  or  raised  on  a 
stalk,  the  Funiculus,  Podosperm,  or  seed'^talk.  The  point  of 
attachment,  which  in  the  seed  forms  the  scar,  is  called  the  HiLim. 

564.  It  consists  of  a  kernel  or  nudeue^  and  usually  of  one  or  two 
coats.  Tlie  nucleus  is  the  essenUal  part  of  the  organ;  in  it  the 
embryo  is  formed,  and  the  coats  become  the  integuments  of  the 
seed.  The  ovule  of  the  Mistletoe  consists  of  a  naked  nucleus  only, 
Uiere  being  no  faitegument    The  ovule  of  the  Walnut  has  only  one 

Vra.  617.    Otwjr  of  •  Buttreop,  dIvltM  lengthwlM,  to  dfoptay  Iti  aanodlof  omto.    nS. 
Bum  of  BoekwbMt,  wUh  an  crwt  ovuto.    519.  Umt  of  AnemoM,  with  a  mispcndml  omto. 
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coat :  this  af^pears  as  a  circolar  ring  axound  the  baM  of  tlie  fonniilg 
nucleus,  whidi  giiidttail}r  becomes  cup*6liaped,  and  at  length  covers 
it   like  a  sac,  renuuning.  open,  however,  at  the  sununiL     This 

orifice  is  called  the  Foramek, 
or  MiCBOPYLB.  In  far  the 
greater  number  of  cases,  a 
second  envelope  is  formed  out* 

^  I  I      \  ^    a^^     -   ^^^  ^^  ^  ^^^  beginning  in 

the  same  way,  though  alwajs 
later  than  the  inner  one,  which, 
however,  it  eventually  over- 
takes and  encloses.  Mirbel 
named  the  exterior  coat  of  the 
i^  oi  tM       ovule  the  Primine,  and  the  in- 

terior the  Secundine,-— names  whidi  are  attended  with  the  objec- 
tion  that  the  secundine  or  inner  coat  is  actually  older  than  the 
primine  or  exterior  ooat  Both  sacs  are  open  at  thc^  apex,  and  the 
summit  of  the  nucleus  points  directly  towards  the  apertures.  The 
orifice  or  foramen  of  the  primine  or  exterior  integument  is  called 
the  ExosTOME  (or  outer  orifice)  ;  that  of  the  interior  or  secundine, 
the  Endostome  (or  inner  orifice^.  The  coats  of  the  ovule  and 
the  nucleus  are  distinct  and  unconnected,  except  at  the  base,  or  point 
of  attachment  to  the  funiculus,  where  they  are  all  confluent :  this 
point  of  union  receives  the  name  of  the  Chalaza  (Fig.  521,  d). 
Through  the  funiculus  and  chala^a  the  ovule  derives  its  nourish^ 
ment  from  the  placenta ;  through  the  opening  at  the  summit,  the 
nucleus  receives  the  tubular  prolongation  of  the  pollen,  which  incites 
the  formation  of  the  embrya 

565.  Ovules  occur  under  four  principal  forms,  viz.  the  orthotrth 
pou$  or  straight,  the  eampylatropoui  or  curved,  the  amphitropous  or 
half-inverted,  and  the  anairopous  or  inverted.  The  simplest,  al- 
though the  least  conunon  of  these,  is 

566.  Tbe  OrthotropOQft  OTOlei  also  termed  atropous  (viz.  not  turned). 
It  is  the  form  wliich  this  organ  assumes  in  the  Buckwheat  family 
(Fig.  518),  and  several  others,  and  is  likewise  shown  in  Fig.  520, 
526,  and  a  longitudinal  section  of  it  in  Fig.  521.     Here  no  change  in 

¥10.  620.  An  orthotropooi  omto.  681.  Loogltadtnftl  seetloD  of  Um  mum,  mot«  mi^iiifled : 
a,  tiie  prialne ;  &,  the  Mouodine;  c,  Om  imctoos ;  d,  .the  «lMta».  622.  An  amphitrayaM 
omle.  628.  Three  anatropoot  oruhs,  with  long  ftanhmH,  aUaehed  to  a  pnrtkm  of  the  pbocala. 
624.  One  of  the  aanM^moM  highly  aM«niltod,«jdaUtliigiU«eUiilarMnwfcare.  625.  AoKMfj- 
lotropoos  OTule. 
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fSie  direcdoA  of  parts  oecun  dsring  growtli;  bnt  die  base  or  dudaza 
(Fig.  59^  t}  18  wBmfesOff  ihe  poinl  of  irttachBent,  the  orifiee  (/) 
kai  the  opposite  end,  and  ^km  omlo  is  straight  and  qmunetricaL 


567.  The  CampylPtroponi  Onde  (Fig.  525,  527)  is  one  which  grows 
unequally,  and  consequently  curves  upon  itself,  so  as  to  bring  tiie 
apex  round  to  the  vidnitj  of  the  base,  the  chalaza  (c)  and  the  orifice 
(f)  being  at  length  brought  nearly  into  contact  at  the  point  of  at- 
tachment Campjlotropous  or  curved  ovules  are  found  in  the  Mig-^ 
Donette,  in  all  Cruciferous  and  Carjophjnaceous  plants,  and  in  many 
others. 

568.  The  intropons  Ovule  (Fig.  517,  519,  528,  524,  529)  is  far 
the  most  common  fbnii.  It  is  best  described  by  likening  it  to  an 
orthotropous  ovule  which  as  it  grew  had  inverted  itself  on  its  ftinicu- 
lus  or  support,  so  that,  while  the  body  remains  straight,  its  orifice  or 
apex  is  brought  down  to  the  funiculus  and  points  to  the  placenta, 
while  the  chalaza  occupies  the  apparent  or  geometrical  apex,  L  e.  the 
summit  or  point  directly  opposite  the  place  of  attachment  The 
ovule,  thus  inverted  on  its  support,  coheres  with  it  for  its 
trhole  length,  and  accordingly  has  a  ridge  or  cord,  more 
or  less  manifest,  along  one  side  (Fig.  529,  r),  connect- 
ing the  ktlumj  or  place  of  attachment,  and  where  the 
seed  separates  from  its  insertion  (A),  with  the  chalaza  (c). 
This  cord  or  ridge,'  which  morphologically  is  merely  a 
continuation  of  the  stalk  or  support  of  the  ovule  adhe- 
rent to  its  face  on  one  ^ide,  or  ihcorporated  with  it^  is 
called  the  Rhaphk.  It  is  a  distinguishing  mark  of  an 
anatropous  ovule,  which  is  also  recognizable  by  its  «» 
being  straight  and  by  having  the  orifice  close  to  the  point  of  attach-'^ 
ment     The  rhaphe  itself  is  often  so  incorporated  with  the  coat  of 

7IO.  698.    Orfhotropoui  orate  of  BoekwlMftl :  e,  hUom  snd  nhikiM ;  /,  ovfflee. 

no.  nr.    Ou&pylotropmM  omit  of  a  OhIokwMd :  «,  hltam  and  elMlua ;  /,  oriflet. 

no.  6SS.    ▲mphitTOpoQioTatoerMAllov:/,  •riftee;  A,  hUarnf  fiTlwplMi  e,flbalMA. 

m  IB9.    AiMlropoiwonitoofftVlolit^,  theputilHIsvMlMlBtlwlMt. 
>    TfO.  680.    Vertkfct  wHlau  of  >  ytoill  of  IfagooUa  PtobwUa,  ftwn  >  yonac  floww-twd,  miy 
Btted,  dkowing  ttio  fiMmiog  omle,  b«r»  a  ■laipto  piotaberanoo. 
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the  ovule  or  tfie  seed  as  io  be  extemalljr  tin^8tii^{8liid>le.  The 
seeds  of  Magnolia  oflfer  good  illustrations  of  tlus*  The  mode  of 
formation  and  the  internal  structure  of  anatropons  or  inverted  ovuki 
will  be  apparent  on  inspection  of  Fig.  530-586. 


569.  Tbe  AmpUtlopoiU  Ovule  (Fig.  522,  528),  also  called  heteroinh 
jxnUy  differs  from  the  anatropous  in  having  a  short  rhaphe  (Pig. 
528,  r),  extending  from  the  chalaza  (c)  only  about  half-waj  to  the 
orifice  (/)•  It  is  attached  accordingly  by  the  middle  of  one  side, 
and  has  the  chalaza  at  one  end  and  the  orifice  at  the  other.  It  may 
be  regarded  as  a  half-anatropous  or  half-mverted  ovule ;  and  all  gra- 
dations occur  between  this  and  the  anatropous  fonp,  into  which  it 
would  pass  by  the  cohesion  of  the  side  of  the  ovule  with  the  support 
a  little  farther  down.  Amphitropous  ovules  are  general  in  the  Mai* 
low  and  the  Primrose  families.  As  such  an  ovule  stands  with  its 
axis  at  right  angles  with  the  funiculus,  if  there  be  any,  it  is  also  said 
to  be  transverse, 

570.  Most  of  these  terms  apply  to  seeds  as  weH  as  to  ovules ;  and 
the  general  structure  of  the  seed  may  be  known  beforehand  from 
that  of  the  ovules.  We  are  now  prepared  to  contemplate  Uie  pro- 
cess by  which  an  ovule  becomes  a  seed. 


Sect.  IX.    Fertilization  and  Forication  of  the  Embbto. 

571.  In  order  to  the  formation  of  the  embryo  (118),  the  ovules 
require  to  be  fertilized  by  the  pollen.  Cases  of  parthenoffenesiij 
i.  e.  of  the  formation  of  perfect  seed  without  the  agency  of  poUeo, 
doubtless  do  sometimes  occur,  and  have  been  noted  in  several 

FIG.  681.  Aiiiiinar  ilds^TkfirortlMimitoortinbrt^awMkortwvlMter.aMtto^ 
Blfied;  thowlpg the naetom •aetookd  bjtbe  coato  lBDmMtloihM*«ioilB9iflralwll»w«ffi 
one  withia  Um  other.  683  Tbe  imim,  a  few  dajrf  later,  moreadvaDoed  aad  beshmioK  to  ton. 
638.  Tbe  Mine,  farther  ad?aaced.  684.  Tbe  ■ame,  eoon  alter,  wHh  the  tnveraioa  ateoit 
complete,  and  the  oater  eoat  eotering  the  Inner,  ezeept  at  the  etiftea.  686.  The  tuatplttiit 
aaatropons  ovule  ron  a  fall-frown  flower-bod.  638.  A  toogitiuUiial  aectkn  of  thttmt^ 
dUpleylng  the  rhaphe,  the  two  eoate,  and  the  nueleiu. 
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dioBCKNia  plants.  More  than  half  a  century  ago,  Spallanzani  found 
that  the  pistillate  blossoniB  of  Hemp  maj  produce  fertile  seed  with- 
out the  ooncnnenoe  of  pollen ;  and  recently  Nandin  and  Decaisne 
have  confirmed  the  fact  by  experiment|  and  from  seeds  produced 
without  fertilization  hare  raised  a  second  generation  of  plants,  th6 
pistiOate  indiyidnals  of  which,  kept  from  all  access  of  pollen,  have 
themselves  ripened  seeds  with  perfect  embryos.*  Two  or  three 
dioecious  Euphorbiaceous  plants  are  known  to  produce  good  seed 
under  the  same  dronmstanoes,  and  Naudhi  has  shown  it  freely  to 
occur  in  Bryony.  Still  these  are  very  exceptional  cases,  and  are  all 
confined,  so  &r  as  known,  to  dicscious  plants.  Ordinarily  the  access 
of  pollen  of  the  species  to  the  ovules  is  necessary  to  the  production 
of  the  embryo. 

572.  The  Amu  of  the  Pollei  to  the  pistil  is  secured  in  a  great 
variety  of  ways  and  adaptations.  In  hermaphrodite  blossoms  the 
relative  length  and  position  of  the  stamens  and  stigmas  are  com- 
monly so  adjusted  that  the  pollen  may  fall  directly  upon  the% 
fltigma,  the  anthers  being  usually  hi^er  than  the  stigmas  when 
the  flower  is  upright,  and  shorter  when  it  is  nodding.  Sometimes 
pc^len  is  projected  upon  the  stigma  by  transient  and  oflen  sudden 
movements,  either  mechanical,  as  in  Kalmia,  or  spontaneous  and 
vital,  as  in  the  Barberry  (to  be  mentioned  in  another  place).  Some- 
times fertilization  takes  place  in  the  bud,  where  the  parts  are  in 
apposition,  or  the  anthers  are  kept  in  contact  with  or  proximity  to 
the  stigma,  as  in  papilionaceous  flowers  by  the  enclosing  keel-petals, 
and  in  the  Fumitory  family  by  a  close^tting  little  sac  formed  of  the 
united  spoon-shaped  tips  of  the  two  inner  petals  confining  the  an- 
thers to  the  stigma.  Very  often  the  pollen  is  conveyed  from  the 
anthers  to  the  stigma  by  insects,  searching  for  honey  or  nectar ;  and 
there  are  many  species  in  which  fertilization  seems  absolutely  to 
depend  upon  the  agency  of  insects ;  such,  for  instance,  as  those  of 
Aristolochia,  Asclepias  or  Milkweed,  and  many  plants  of  the  Orchis 
family.  In  dioecious  and  many  monoecious  plants,  with  widely  sep- 
arated blossoms,  fertilization  is  mainly  dependent  upon  insects,  pass* 
ing  from  flower  to  flower,  and  upon  winds  and  currents.  And  the 
immense  quantity  of  pollen  which  many  such  plants  produce  com- 
pensates for  the  greater  distance  of  the  passage,  and  greatly  dimin- 
ishes the  chance  of  fiEulure.    The  air  of  a  Pine  for^t  in  flowering-* 

•  CampUM  Rendm,  Vol.  43, 1856,  and  Hooker's  Jovmal  of  Botany,  1857,  p.  53. 
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time  is  almost  loaded  with  poUen,  some  of  whidi  is. often  wafied  hj 
the  winds  for  manj  miles% 

573.  The  poUen  of  PmeB  and  other  CvynmosponBoas  plants  Uk 
directly  upon  the  naked  and  c<peaeA  ovuka  (560).>  Oa  all  others, 
the  ovules,  heing  secluded  in  a  dosed  ovary,  can  be  ftsdMaad  only 
through  the  stigma*  In  these,  aeoOrdinglyi  we  have  first  to  eatt^ 
«ider, 

-574  The  istioi  p(  Ptlkfl  on  the  ItigUU  The  loose  papillfe^  or 
often  the  short  projecting  hairs  of  the  stigma,  and  the  moist  sor&ee, 
serve  to  retain  the  grains  of  pollea  on  the  stigma  .when  th^  have 
once  reached  it  Absorbing  some  of  this  moisture,  and  nourished 
l>y  it,  the  grains  of  pollen  which  are  lavon^ly  situated  soon  begb 
to  grow,  or,  as  we  may  say,  to  genninate.  The  thin  inn^  laen* 
brane  (534)  extends,  breaks  through  the  lMekei\  bmt  weak  or  briak, 
outer  coat  at  some  point  (or  rarely  at  two  or  three  places),  and 
lengthens  into  a  delicate  tube,  filled  with  the  liquid  and  molecalsr 
^matter  that  the  gram  contains.  This  tube  ( Fig.  537  - 540),  remaia- 
ing  closed  at  the  extremity,  penetrates  the  loose  tissue  of  the  stigBit, 
and  is  prolonged  downwards  into  the  style,  gliding  along  the  inter* 
Q>aces  between  the  very  loosely  disposed  c^Us  of  the  moist  ooadoci- 
ing  tissue  (541),  which  extends  from  the  stigma  to  the  cavity  of  the 
ovary,  and  at  length  reaches  the  placenta, 
or  some  other  part  of  the  Mning  of  the 
ovary,  and  its  extremity  appears  in  the 
celL  Thb  prolongation  into  a  tube,  often 
many  hundred  times  the  diameter  of  die 
pollen-grain,  is  a  true  growth,  after  the  nuui" 
ner  of  elongating  cells  (37  -  97),  nourisbed 
by  die  organizable  moisture  of  the  stfle 
which  it  imbibes  in  its  coarse.  Now  the 
orifice  of  the  ovules,  or  a  projection  e£ 
the  nucleus  beyond  the  orifice,  is  at  ^ 
time  brought  into  contact  with,  or  dois 
proximity  to,  that  portion  of  the  walls  of  the  ovary  fixmi  whidi  the 
pollen-tubes  project ;  and  a  pollen-tube  thus  enters  the  orifice  of 
^ach  ovule,  and  readies  the  nucleus,  in  which  the  nascent  embiyo 

-  no.  S87.  A  |iolI«i-ffi«ia  «r  Dftloim  StnoKNllam,  taritthif  Hi  tate.  SSS.  YoOn-prfl «( 
« ConTolTohu,  with  \U  tobt.  689.  Other  pollm-fMlni,  witti  tMt  tatot,  Iwt  ftiMg*/*^ 
Hilled.  640.  A  poUen-fraSn  of  the  JSrenioff  Prlmroee,  rtttlDg  on  a  portfoa  of  tbe  etlgBM,  islo 
whieh  the  tabe  emitted  from,  one  of  the  eiiglei  peaetiMei ',  the  oppoiite  ang^  aleeeoiMiH* 
poUm-iahe. 
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mibeeqoently  appears.  Id  Gymnospennotu  plants  (560,  §73),  the 
poUen-grains  grow  at  the  orifice  of  the  naked  ovule^  and  inunefliately 
penetrate  its  nucleus,  just  as  thej  do  the  stigma  in  ordinary  plants. 

^75.  Pollen-tubes  maj  be  readily  inspected  under  the  microscope 
in  many  plants ;  in  nope  more  readily  than  in  the  Asclepiasi  •r 
Uilkweed,  one  of  the  plants  in  which  this  suljeot  was  so  admirably 
investigated  by  Mr.  Brown.  In  that  family,  the  pollen-grains  of 
each  cell  of  the  anther  (Fig«  541)  cohere  in  a  mass ;  and  these 
poUen-ma&ses,  dislodged  from  their  cells  (Fig.  542,  543),  usually  by 
the  agency  of  insects,  and  brought  into  proximity  with  the  base  of 
the  stigma,  protrude  their  tubes  in  great  abundance.  They  may  be 
seen  to  penetrate  the  base  of  the  stigma,  as  in  Fig,  544,  and  sepa* 
rate  grains  with  their  tubes  may  be  detached  from  the  mass  (Fig* 
546,  547) ;  but  to  trace  their  course  down  the  style  (as  in  Fig.  545), 
and  to  their  final  destinationv  requires  much  skill  in  manipulation 
and  the  best  means  of  researdi. 

576.  The  ft>nnation  of  the  pollen-tube  commences  in  some  cases 
almost  immediately 
upon  the  applica- 
tion oi  the  pollen 
Co  the  stigma;  in 
others  it  is  not  per- 
ceptible until  after 
the  lapseof  from  ten 
to  thirty-six  hours 
or  more.  The  rate 
o£  the  growth  of  the 
pollen-tube  down 
the  style  is  also 
very  Tarious  in  dif- 
ferent plants.  In 
some  species,  a  week  or  more  elapses  before  they  hare  passed 
through  a  style  even  of  a  few  lines  in  length.    In  others,  a  few 


TTO.  641.  A  back  riew  of  ft  staineii  of  th«  eomincn  Milkweed  (AaeleplM),  the  appendags 
cut  away.  642.  A  itamen  mora  magnlfled,  with  Um  two  poUen-maMef  cohering  bjr  their  con- 
##icies,«aeh  toaglaDd  ftom  tha  tuauBH  of  tba  aagaDalie  body,  to  which  a  poUen-aMM  fkom  as 
•djaceot  anther  la  already  adherent  646.  A  pafar  of  detached  poUen-maaiee  (each  from  a  dtf- 
tmnoM  anther)  suepended  by  their  caodlolei  fkom  the  gland.  644.  Some  of  the  poUenHnaawa, 
larlth  their  tabcflpenettathigthoftfgnM  (after  BtowB).  646  A  eeetlon  throngh  die  laife  f c%* 
aatSe  body  and  a  paH  of  tha  aomalt  of  one  of  tha  f tyJaa,  fbowing  the  eooraa  of  tba  pollao« 
tabae.  646. 647  Pollen-fralna  with  their  tubea,  highly  roagnlfled.  (The  atmoture  of  Umbo 
Mngular  flowen  will  be  more  fully  ezphOned  under  the  order  Atdtpiadaeim.) 
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hours  suffice  for  their  passage  through  eren  the  longest  styles,  soeli 
as  those  of  Colchicum,  Mirabilis  or  Four-o*ck)ck,  and  Cereus  grsodi* 
Horus.  Ader  the  pollen-tubes  have  penetrated  the  stigma,  the  latter 
dries  up,  and  its  tissue  begins  to  wither  or  die  awaj,  as  likewise 
does  the  body  of  the  poUenrgrain,  its  whole  contents  being  trans- 
ferred to  the  poUen-tube,  the  lower  part  of  which  may  still  be  in  a 
growing  condition. 

577.  Before  the  pollen-tube  has  reached  the  ovule,  or  more  eom* 
monly  even  before  the  pollen  is  applied  to  the  stigma,  a  cavity  ap« 
pears  in  the  interior  of  the  nucleus  of  the  ovule,  near  its  apex. 
This  probably  results  from  the  special  growth  of  a  particular  cell, 
which  expands  into  a  bladder  or  closed  sac,  at  length  conunonly  oc- 
cupying a  considerable  part  of  the  nucleus, — sometimes  remaining 
enclosed  in  its  tissue  towards  its  smnmit  or  orifice,  sometimes  dis- 
placing the  upper  part  of  the  nucleus  entirely,  or  even  projecting 
through  the  micropyle.  This  is  the  sac  of  the  cunn%o$  of  Mr.  Brown, 
the  emhryfhioc  ($ac  emhryonaire)  of  the  French  botanists.  In  this 
sac  the  embryo  is  formed. 

578.  Origia  of  the  Embryp.  From  the  latter  part  of  the  seven* 
teenth  century,  when  the  relative  functions  of  the  stamens  and  the 
pistils,  and  something  of  the  structure  of  the  ovule,  were  demoQ« 
strated  by  Malpighi,  Grew,  Ac,  until  about  the  year  1837,  it  was 
almost  universally  supposed  that  the  embryo  was  a  product  of  the 
ovule,  in  some  way  incited  or  fertilized  by  the  pollen.  One  writer, 
viz.  Samuel  Morland,  had  indeed  propounded  the  crude  hypothesis 
that  a  pollen-grain  itself,  descending  bodily  through  the  style,  was 
received  into  the  orifice  of  the  ovule,  and  became  the  embryo.  The 
absurdity  of  this  view  was  soon  made  evident  But  how  the  poUen 
acted  was  wholly  unknown  until  Amici,  in  1823,  discovered  polloH 
tubes,  penetrating  the  stigma,  and  Brongniart,  Brown,  Amici  himsd^ 
and  Schleiden,  within  the  ensuing  twelve  or  fourte^i  years,  had 
demonstrated  their  universality,  and  traced  these  slender  tubes  into 
the  ovary,  and  even  to  the  nucleus  of  the  ovule.  Then  commenced  a 
spirited  controversy,  which  has  only  just  now  been  brought  to  a  close. 
For  Professor  Schleiden,  in  the  year  1837,  advanced  the  view  that  the 
extremity  of  the  tube  of  the  pollen,  entering  the  nucleus  oi  the  ovule, 
there  developed  into  the  embryo,  —  thus  anew  deriving  the  embryo 
or  new  plant  substantially  from  the  pollen  instead  of  the  ovale» 
This  view  has  recently  been  abandoned  by  its  indefatigable  author 
and  his  most  able  supporter,  Schacht,  having  been  thoroughly  dis- 
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proTed  in  all  points  by  a  series  of  elaborate  investigations  made  by 
Mirbel,  Amici,  Giraud,  Mohl,  Hofmeister,  Unger,  Tulasne,  Henfrey, 
and  Radlkofer.  So  that  —  passing  by  the  whole  history  of  this  long 
discussion,  and  merely  appending  some  references  to  the  more  im- 
portant publications  upon  the  subject  ♦  —  we  need  only  state  here, 
in  the  most  general  terms,  the  principal  facts  which  are  now  held 
to  be  established,  viz. : — 

579.  The  pollen-tube  terminates  on  the  outer  surface  of  the 
embryo-sac,  or  sometimes,  perhaps,  forces  its  way  into  it  Ordina- 
rily its  extremity  becomes  firmly  adherent  to  the  surface  of  the 
embryo-sac,  and  it  appears  to  remain  closed.  Henfrey,  indeed,  is 
led  to  suppose  that  the  membrane  of  the  pollen-tube  and  that  of  the 
embryo-sac  are  absorbed  at  the  point  of  contact,  and  that  the  former 
thus  discharges  its  contents  into  the  cavity  of  the  latter ;  but  this  is 
merely  an  unproved  inference,  suggested  by  the  analogy  of  what  is 
DOW  known  of  the  process  of  fecundation  in  Cryptogamous  plants. 
At  present  it  appears  most  probable*  that  the  contents  of  the  pollen- 
tube  are  drawn  into  the  embryo-sac  by  endosmosis.  However  this 
may  be,  shortly  after  reaching  the  embryo-sac  the  pollen-tube  be- 
comes empty,  and  decays  or  withers  away.  Meanwhile  the  body 
which  by  its  development  is  to  give  rise  to  the  embryo  appears  in 
ibe  embryo-sac  independent  of  the  pollen-tube.  According  to  most 
investigators  it  generally  appears  before  the  pollen-tube  has  entered 
the  ovule.     (The  high  authority  of  Tulasne,  however,  is  thus  far 


♦  Schkiden  first  published  his  famons  theory  in  Wiegmann'g  Archiv,  1837, 
and  in  Acta  Nawa  Acad.  Nat.  Cur,,  Vol.  19.  It  was  extended  and  defended  in 
his  systematic  works, — and  especially  by  Schacht  in  Trans.  NetheHandM  batl" 
tvte,  1850,  in  Boi.  Zeitung,  1855  (transl.  in  Ann.  Sci  Nat.  of  that  year),  in  his 
Beitrage  AnaL  ff  Phyt.,  in  his  work  on  the  microscope,  of  which  an  English 
translation  by  Dr.  Carrey  was  .published  in  1855,  and  in  the  Rcgensbei^g 
Ham,  1855  {Ann.  Sci.  Nat.  1855).  See  also  Deeckc  in  Bci.  Zeitung,  1855 
(Ami.  SeL  Nat.,  1.  c.).  On  the  other  side  of  the  question  the  most  important  of 
the  recent  publications,  since  the  appearance  of  Mohl's  Principles  of  the  Anatomif 
and  Physiology  of  the  Vegetable  Cell,  in  tlie  Englii^h  translation  (1852),  and  tho 
article  OmJe  in  the  Micrographic  Dictionary  by  Ilcpfrey,  arc :  Hofmeister,  in 
Fhra,  May,  1855,  and  Mohl,  in  Bot.  Zeitung,  June,  1855  (both  reproduced  in 
Amu  Sci.  Nat.,  ser.  4,  Vol.  3,  1855) ;  Tulasne,  in  Ann.  Sci.  Nat.,  ser.  4,  Vol.  4, 
1855,  being  the  complement  of  his  great  memoir  published  in  the  same  journal 
(scr.  3,  VoL  12, 1849)  ;  Radlkofer,  Die  Befrnchtmg  der  Phanerogamien,  Leipsic, 
.1856  ;  Henfrey,  Development  of  the  Ovide  of  Santalum  album,  &c.,  in  Trans,  Linn. 
Soe.,  VoL  «2,  part  1,  1856. 

26  • 
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oj^sed  io  the  pre-existence.)  It  is  a  soiall  nuiBS  or  global^  of  pro* 
toplasmic  matter^  either  loose  in  the  cayitj  of  the  embryo-^ac  iieir 
the  place  to  which  the  poUen^ube  is  applied  ea^emaUy,  or  else  fld* 
herent  to  the  interior  surface  o£  the  wall  of  the  eiobvyo-fiac  in  Uiis 
immediate  vicinity,  or  sometimes  separated  from  the  embryo-ssc  hf 
an  interposed  globule,  or  by  a  pair  of  such  ^obules.  This  body,  the 
rudiment  of  the  future  embryo,  has  been  termed  the  em^ryvmo/ or 

germinal  ve$ide.  This  is  not  yet  t 
cdl ;  ibr  it  has  no  covering  or  watt 
of  cellulose.  But  it  soon  becooMfl 
one  when  a  poUen-tube  reaches  the 
embryo-sao»  the  first  known  sesult  of 
fertiliztttioa  being  that  m  coat  of  eel- 
lulose  is  deposited  upon  its  surfiM& 
This  newly-formed  cell  grows  1^ 
oell-multiplication  (33),  either  po> 
ducing  a  mass  of  cells,  as  shown  in 
Fig.  10-14, or  else  in  Uie first  place 
developing  into  an  elongated  cell  <ff 
a  thread-shaped  chain  of  ceUs  (the 
suspensor)^  the  lower  cell  of  whidi 
divides  in  all  directions,  forming  a 
mass,  which  as  it  grows  shapes  itsdf 
into  the  embryo  (Fig.  549-^)* 
The  radicle  or  root-end  of  the  em- 
bryo is  always  that  by  which  it  is 
attached  to  the  suspensor  (wliich 
^  ordinarily  soon  disappears)  or  to  the 

summit  of  the  embryo-sac,  tlie  coty- 
ledons occupying  the   opposite  ex- 
tremity.    The   radicle    accordio^y 
is  always  directed  to  the  orifice  or 
micropyle  of  the  ovule  and  seed. 
580.  Through  the  fertilization  of  as  many  germinal  vesicles,  two 
or  more  embryos  are  frequently  found  in  the  same  seed,  in  the 
Orange,  the  Onion,  and  many  other  plants.    There  are  generally 

FIQ.  648.  Magnified  pktfl  of  Bnekwfaeat ;  the  ovary  and  omle  divided  lengthwlfe :  fon* 
pollen  on  the  stigmas,  one  grain  distinctly  showing  its  tube,  which  has  penetrated  the  style, 
xeaptMared  in  the  eatity  of  the  ovary,  entered  the  mouth  of  the  orthotropoua  ovuls  («)»•*' 
reactied  the  embryo-sac  (<).  near  tlis  embryonal  Tesicle  (t>>. 


Digitized  by 


Google 


FORaiATIOX  OV  TBX  EMBRYO. 


307 


two  embryos  in  the  seed  of  the  Mistletoe ;  and  there  is  usually  a 
plurality  of  embryos  in  Pines  and  other  Gymnospermous  plants 
(560),  though  all  but  xme     m        -ko  t    r«^         m         m 
are  more  commonly  abor- 
tiTe  or  rudimentary.  There- 
are  other  striking  peculiar- 
hies  in  the  fecundation  of 
Pines,  &c^  which,  however, 
oamot  be  readily  explained  without 
catering    into  more    detail  than  is 
here  advisable.*    In  Pines  and  their 
allies,  moreover,  the  ^nbiyo  is  not 
developed  untii  a  long  time  After  the 
application  of  the  poUei^  and  the 
filling  of  the   embryo-sac  with  the 

eettular  tissue  which  forms  the  basis  of  the  albuBien  of  the  seed} 
n  MS  m  mt  ^^  fniit   and   seed  of 

f\  f\      '      f\  ^^®  Pines,  as.  is  well 

ti  J I         nfr\  known,  not  maturing  un- 

til the  year  af\er  that 
in  which  the  blossoms 
appear* 

580*.  The  further  development  and  the  structure  <^  the  embryo 
and  the  seed  mttst  be  considered  afler  the  FjTuit,  of  which.it  consti- 
tutes a  part. 


*  8e6  Hofmeister,  Untenuchmigen,  &c:  Researcher  into. the  Fertilizatioa,  &c. 
of  the  higher  CryptQgamia  and  the  CooifersD  (Leipsic,  1851),  with  seven  pUtes 
devoted  to  the  embiyologj  of  Coniferse. 


no.  5tt.  Diignm  of  tfaemsfpennr  and  Ibnriliig  em'krTo  at  Its  «atNinltj.  660.  The  i 
vtth  tbB  voibrya  a  littla  more  developed.  561*  The  Mune,  more  developed  stlU,  the  ootyledooe 
Cdntly  Indlceted  at  the  lower  end.  562.  Same,  with  the  inclpieot  ootjrbdoiis  more  maoitet 
KS.  The  embryo  nearly  completed. 

FIG  564.>566.    rorminf  embryo  finom  a  hal^gzowa  aeed  of  Bwkwbaat,  la  thxea  8l^el. 
557.  Sama,  withtbacotykdODffuUydefelop^ 
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CHAPTER    X, 


OF  THE  FRUIT. 


Sect.  L    Its  Structure,  Traksforuatioits,  and  Dehiscence. 


581.  The  fertilized  ovaiy,  increased  in  size,  and  nsuallj  under- 
going some  change  in  texture  and  form,  becomes 

582.  The  Feriearp,  or  Sced-Tenel.  The  pericarp  and  the  seeds  it 
contains  together  constitute  the  Fruit  ;  a  term  vrhich  has  a  more 
extensiTe  signification  in  botanical  than  in  ordinary  language,  being 
applied  to  all  mature  pistils,  of  whatever  form,  size,  or  texture.  To 
the  fruit  likewise  belongs  whatever  organs  may  be  adnate  to  the 

(468).  Such  incorporated  parts,  like  the  fleshy  calyx  of  the 
Apple  and  Quince  (Fig.  809,  812),  sometimes 
make  up  the  principal  bulk  of  the  fruit 

588.  Indeed,  the  calyx,  when  wholly  free 
from  the  pistil,  sometimes  becomes  greatlj 
thickened  and  pulpy  after  flowering,  and  is 
transformed  into  what  appears  like  a  beny; 
as  in  Gaultheria  (Fig.  918),  where  the  real 
m  fruit  is  a  dry  pod  within ;  and  in  Strawbeny 

Blite  (Fig.  1099),  where  the  fleshy  calyxes  of 
a  head  of  flowers  each  surround  a  small  seed- 
like fruit,  and  together  form  a  false  multiple 
fruit,  resembling  a  strawberry. 

584  Even  the  strawberry  itself  is  not  t 
fruit  in  the  strict  botanical  sense :  that  is,  the 
edible  substance  is  not  a  ripened  pistil,  nor  a 
cluster  of  pistils,  but  is  the  receptacle  or  ex- 
tremity of  the  flower-stalk,  greatly  enlarged 
and  replete  with  delicious  juice ;  the  true  frnits 
being  the  minute  and  seed-like  ripened  ovaries 
scattered  over  its  surface ;  as  plainly  appears 
from  a  comparison  of  Fig.  558  with  559.     Moreover,  a  mulberrj, 


no.  658.    Twrllad  MCtloB  of  a  forming  Btiawberry,  enkrgwL 

FIG.  660.    Similar  section  of  one  half  of  a  ripe  ftzawberry,  and  of  loma  of  Uie  mall  neA> 
IUm  firaita,  or  acbaaia,  on  its  f nrfkoe. 
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a  fig,  and  a  pine-apple  consist  of  the  ripened  products  of  many 
flowers,  crowded  on  an  axis  or  common  receptacle,  which  makes  a 
part  of  the  edible  mass. 

585.  Under  the  general  name  of  fruity  therefore,  even  as  the  word 
is  used  by  the  botanists,  things  of  very  different  structure  or  of  dif- 
ferent degrees  of  complexity  are  confounded.  We  must  distinguish, 
tberefcH^  between  simple  frmiSy  resulting  from  a  single  flower,  and 
a  multiple  fruity  resulting  from  the  parts  of  more  than  one  flower 
combined  or  collected  into  a  mass.  We  must  also  distinguish  be- 
tween true  fruits,  formed  q£  a  matured  pistil,  either  alone  or  with  a 
calyx,  &c.  adnate  to  it,  and  fruits,  so  called,  of  which  the  pericarp 
does  not  form  an  essential  part. 

586.  Obliteration  or  Alteration.  The  pericarp,  being  merely  the 
pistil  matured,  should  accord  in  structure  with  the  latter,  and  con- 
lain  no  organs  or  parts  that  do  not  exist  in  the  fertilized  ovary. 
Some  alterations,  however,  oflen  take  place  during  the  growth  of 
the  fruit,  in  consequence  of  the  abortion  or  obliteration  of  parts. 
Thus,  the  ovary  of  the  Oak  consists  of  three  cells,  with  a  pair  of 
ovules  in  each;  but  the  acorn,  or  ripened  fruit,  presents  a  single 
icell,  filled  with  a  solitary  seed.  In  this  case,  only  one  ovule  is 
matured,  and  two  cells  and  ^ve  ovules  are  suppressed.  The  ovary 
of  the  Horsechestnut  and  Buckeye  is  similar  in  structure  (Fig. 
777  -  780),  and  seldom  ripens  more  than  one  or  two  seeds ;  but  the 
abortive  seeds  and  cells  may  be  detected  in  the  ripe  fruit  The 
ovary  of  the  Birch  and  of  the  Elm  is  two-celled,  with  a  single  ovule 
in  each  cell :  the  fruit  is  one-celled,  with  a  solitary  seed ;  one  of  the 
ovules  or  young  seeds  being  uniformly  abortive,  while  the  other  in 
enlarging  thrusts  the  dissepiment  to  one  side,  so  as  gradually  to  ob- 
literate the  empty  cell ;  and  similar  instances  of  suppression  in  the 
fruit  of  parts  actually  extant  in  the  ovary  are  not  uncommon.  On 
the  other  hand,  there  are  sometimes  more  cells  in  the  fmit  than 
properly  belong  to  the  pistiL  For  instance,  the  ovary  of  Datura 
Stramonium  is  two-celled;  but  the  fruit  soon  becomes  spuriously 
four-celled  by  a  &lse  partition  connecting  each  placenta  with  tlie 
dorsal  suture.  So  the  compound  ovary  of  Flax  when  young  is  five- 
celled,  but  with  a  stnmg  projection  from  the  back  of  each  cell  (Fig. 
500)  which  at  maturity  divides  the  cell  into  two,  thus  rendering 
the  fruit  ten-celled.  And  some  legumes  are  divided  transversely 
into  several  cells,  although  the  ovary  was  one-celled  with  a  continu- 
ous cavity  in  the  fiower. 
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587.  Kipenfffg;  The  peti6tarp  sometimes  Tem&ins  herbaecxms  k- 
texture,  like  th^  'petL^pody  or  becomes  thin,  dry,  and  membranaoeoaSy 
like  the  pod  of  the  Bladder-Senna*  In  such  oases  it  is  fimushad 
with'  stoinates,  eOntihiies  tohave  ehlorc^hyll  in*  Its  cells,  and  aets 
upon  the  Bit  like  atf  or^Knaiy  leaf.  In  other  pkmts  the  pericarp 
thickens,  aAd  either  becomes  hard  and  dry;  like  a  nut,  or  else  iMif 
or  pulp7,  like  a  berry  (goosebeWy,  grape,  Ac/),  Sometimes  the 
outer  portk>n  softens  into'flesh  oi*  pulp,  trhlle  the  inner pordon  haid- 
ens,  dras  ibnoSaag  a  stoiie4rtiit^  like  the  cherry  and  peach. 

687'.  Most  ^efehy  Or  pulpy  fruits  are  lasteless  or  slightly  bitter 
during  their  early  growth ;^^whif^  period  thdr  struotoro  and 
chemical  composition  are  similar  to  that  of  leaves,  eonsisttng-  ef  eel-' 
lular  with  some  woody  tissue  f  and  their  action  upon  the  atmosph^^ 
is  likewise  the  same  (846).  In  their  second  stage,  they  become 
sour,  from  the  produc^n  ct  adds  (853)  ;  such  as  tartaric  add  in 
the  grape;  the  dtric,1ii  the' lemon,  oramge,  and  the  cranberry;  the 
malic^  in  the  apple,  gooseberry,  Sec.  At  this  period  they  exhale  very 
little  oxygen,  or  even  absorb  that  substance  from  ^e  sarroufldiBg 
air«  The  add  increases  ubtil  the  fS^uit  begins  to  ripen,  when  it  grad** 
ually  diminishes,  and  sugar  is  formed.  In  die  thiM  stage,  or  that^ 
ripening,  the  adds,  as  well  as  the  fibrous  and  eeUular  tissues,  gradu- 
ally diminish  as  the  quantity  of  engaf  increases ;  Uie  latter  bdog* 
produced  partly  at  the  expense  of  the  former.  A  chemical  change^ 
similar  to  that  of  ripening,  takes  place  when  the  green  fruits  are 
cooked ;  the  add  and  the  mucilaginous  or  odier  products,  by  the  aid 
of  heat  reacting  upon  each  other,  are  both  converted  into  si^ar« 
Minted  with  the  saccharine  matter,  a  large  quantity  of  wgekM^ 
jelhf  (88)  is  also  produced  in  most  addulated  *  pulpy  fhnts,  ex- 
isting in  the  form  of  pecttne  and  pedtie  acid.  '  These  arise  from 
the  reaction  of  the  vegetable  adds  during  ripening  upon  the  dex- 
trine and  other  ternary  products  accumulated  in  the  fruit 

588.  When  the  walls  of  a  pericarp  form  two  or  more  layers  of 
dissimilar  texture,  the  outer  layer  is  called  the  Epicarpy  the  middle 
one,  Mesoctxrp,  and  the  innermost,  Mndocarp.  A  stone-fruit  <ir 
drupe,  like  the  peach,  consists  of  two  layers,  viz.  the  outer  or  fleshy 
layer,  which  is  therefore  termed  the  Sarcoearpy  and  the  inner,  or 
endocarp,  the  shell  or  stone,  which  is  also  termed  the  PuUsmen* 

589.  Fruits  also  may  be  divided  into  the  indekiseeni  m*  closed,  and 
the  dehiscent  or  those  that  open.  Fleshy  irnits  generally,  stone- 
fruits,  and  many  dry  fruitS|  especially  one-se^ed  ones,  such  as  note, 
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adiema,  Set,  j  vemain  indeliisoent ;  wliile  most  pods  or  capsules  dehisce 
at  mataritj. 

590.  Some  pods,  bnrst  irregularly  when  ripe  and  dry ;  others  open 
and  shed'  their  seeds  by  definite  pcnres,  as  the  Poppy,  or  by  larger 
holes,  ehinks,  or  T^alves^  as  the  Campanula,  Snapdragon,  &o. ;  or  by 
a  tnuMverse  tine  cutting  off  the  top  <^  the  pod,  as  in  Henbane  and 
Purslane.    These  are  modes  of  irregular  dehiscence.    But 

5dl.  DehbeeilceY  when  regular  and  normal^  is  effected  by  a  vertical 
separation  or  fitting,' vis.  by  the  openhig  of  one  or  both  sutures  of  the 
OTary  (o43),  or,  in  a  fruit  resulting  from  a  ^compound  oraiy  (548), 
by  the  disjunction  of  the  united  parts.  The  several  modes  of  dehis- 
cettce  will  be  characterized  under  the  kinds  of  fruit  in  which  they 
occur  (607 -ei4> 


Seot.  n.    Thb  SlIkds  of  Fbutt. 

692.  The  various  kinds  of  fruits  have  been  minutely  classified 
and  named ;  but  the  tenns  in  ordinary  use  are  not  very  numerous. 
A  rigoToui^y  exact  and  particular  classification,  discriminating  be- 
tween the  fruits  derived  from  simple  and  from  compound  pistils,  or 
between  tho^  vrith  and  without  an  adnate  calyx,  becomes  too  recon* 
dtte  and  technical  far  practical  purposes.  It  is  neither  convenient 
nor  philosophical  1o  give  a  substantive  name  to  every  variation  of 
the  same  organ.  For  all  ordinary  purposes  it  will  suffice  to  char- 
acterize the  principal  kinds  under  the  four  classes  of  Simple^  Aggre^ 
gate^  Accessary  or  Anthocarpous^  and  Multiple  Fruits. 

593.  Simple  Froitt  are  those  which  result  from  the  ripening  of  a 
sin^  pistil,  whether  with  or  without  a  calyx  or  other  parts  adnate 
to  it.  This  division  ccmiprises  most  of* the  kinds  of  fruit  which  have 
distinctive  names,  and  those  of  the  other  classes  are  mainly  aggre- 
gations or  combinations  of  these. 

594.  Simple  Fruits  may  be  conveniently  divided  into  Fleshg 
fruits.  Stone  fruits,  and  Dry  fruits^  The  leading  kind  of  the 
first  division  is 

595.  The  Beny  (Baeca),  an  indehiscent  fruit  which  is  fieshy  or 
pulpy  throu^aout.  The  grape,  gooseberry,  currant,  cranberry,  and 
tomato  are  lamiliar  examples. 

596.  The  Hesperidiom  (orange,  lemon,  and  lime)  is  merely  a  beny 
with  a  leathery  rind. 
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597.  The  Pepo,  or  Gonrd-froitf  is  al^o  a  modificatiofi  of  the  berry, 
with  a  hard  rind,  which  occurs  in  the  Gourd  family.  The  cucum- 
ber, melon,  and  squash  are  familiar  illustrations.  A  Pepo  is  an 
indehiscent,  externally  firm  and  internally  pulpy  fruit,  composed 
usually  of  three  carpeh^  and  with  an  adnate  calyx.  In  the  ovary  it 
is  either  one-celled  with  three  broad  and  revolute  parietal  placents, 
or  these  placentae,  borne  on  slender  dissepiments,  meet  in  the  axis, 
enlarge,  and  spread,  unite  with  their  fellows  on  each  side,  and  are 
reflected  to  the  walls  of  the  pericarp,  next  which  they  bear  their 
ovules   (Fig.  560,  561).     As  the  fruit  enlarges,  the  seed-bearing 

placentie  usually  cohere  with  the 
walls,  and  the  partitions  are  oblit- 
erated, giving  the  appearance  of 
a  peculiar  abiionnal  placentation, 
which  only  the  study  of  the  ovaiy 
readily  explains. 

598.  A  PomCt  such  as  the  apple, 
pear,  and  quince  (Fig.  809,  812), 
is  a  fruit  composed  of  two  or  more 
carpels,    either    papery,    cartilagi- 
nous, or  bony,  usually  more  or  less 
involved  in  a  pulpy  expansion  of 
the    receptacle  or    disk,  and    the 
whole  invested  by  the  thickened  and  succulent  tube  of  the  calyx. 
It  may  be  readily  understood  by  comparing  a  rose-hip  with  an  apple. 
The  calyx  makes  the  princi- 
pal thickness  of  the  flesh   of 
the  apple,  and  the  whole  of 
that  of  the  quince. 

599.  The   Drape,  or  ltoB^ 

Frait)  is  a  one-celled,  one  or 
two  seeded  indehiscent  fruit, 
with  the  inner  part  of  the  peri- 
carp (endocarpy  or  putamen^  "•  "^ 
588)  hard  or  bony,  while  the  outer  (exocctrpy  or  iarcocarp)  is  fleshy 
or  pulpy     It  is  the  latter  which  in  these  fruits  so  readily  takes 
an  increased  development  in  cultivation.      The  name  b  strictly 

FIG.  560.    Section  of  tlMoraiy  of  tlM  Gourd.  661.  DlagrunoroMorilseoDatltiiratcwpelt. 

FIG  5G2.  Vertical  Mction  of  a  pe«:h.  663.  An  almond :  where  the  exocarp,  the  pnrtfoa 
•of  the  pericarp  that  represento  the  pulp  of  the  peach,  lemalns  thin  and  juioelea,  and  at 
length  iepaiates  by  dehiecence  from  the  endocarp,  or  iheU. 
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applicable  only  to  fruits  produced  bj  the  ripening  of  a  one-celled 
pistil ;  as  the  plum,  peach  (Fig.  562),  &c ;  but  it  is  extended  in  a 
general  waj  to  such  fruits  with  two  or  more  bonj  ^m 

cells  enclosed  in  pulp,  as  tliat  of  the  Dogwood,  <&;c. 

600.  The  raspberry  and  blackberry  (Fig.  564) 
are  composed  of  a  great  number  of  miniature  stone- 
fruits,  or  drupdetSj  as  they  might  be  called,  in  struc- 
ture resembling  cherries  (Fig.  565),  a^regated  upon 
an  elongated  receptacle. 

601.  Dry  FniitSmay  be  either  dehiscent  or  tndehts- 
cent  (589).  Of  indehiscent  dry  fruits  one  of  the 
simplest  kinds  is 

602.  The  Acbeninm,  or  Akene  (Fig.  566-578). 

This  includes  all  one- 
seeded,  dry  and  hard, 
indehiscent    and    seed- 
like, small  fruits,  such  as 
are  popularly  taken  for 
naked  seeds.     But  that 
they  are  true  pistils  or 
ovaries  ripened  is  evident  from  the  styles  or  stigmas  they  bear,  or 
from  the  scar  left  by  their  fall;  and  a 
section  brings  to  view  the  seed  within, 
provided  with  its  own  proper  integuments. 
The  name  has  been  restricted  to  the  seed- 
like fruits  of  simple  pistils,  as  those  of 
the  Buttercup  (Fig.  566,  567),  Anemone, 
Clematis,  and  Geum  (where  the  persist- 


TTO.  ML  Magnified  Tcrtleta  MCtkm  of  half  of  a  bkhckbaRy.  666.  SMtion  of  odo  of  ttio 
pnlos,  or  dntpeUts^  mon  oiagnified. 

FIO.  506.  Achenium  of  a  ecmunon  Dottercup,  onlaiged.  667.  Vertical  leotion  of  the  auiii, 
■howing  the  leed  within. 

FIO.  668.  Achenium  of  Blayweed  (no  iMppna).  669.  That  of  Ciehory  (its  pappui  a  ihal- 
low  eop).  670.  Of  Sunflower  (pappui  of  two  deciduous  ecalet).  671.  Of  Sneewweed  (Hele- 
nium),  with  its  pappus  of  fire  scales.  672.  OfSow-Thlstle,  with  its  pappus  of  deUoato  downy 
hairs.    678.  Of  the  Dandelion,  its  pappus  raised  on  a  long  beak. 

27 
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ent  Btjle  usually  remams  on  the  fniit  as  a  long  tail),  and  die  miimfte 
grains  c^  the  strawberry  (Fig.  559).  Bat  k  may  be  extended,  as 
is  now  generally  done,  to  all  such  (Hie-oelled  seed^ibe  finsts  residt* 
ing  from  a  compound  ovary,  and  even  when  invested  with  an  adnaie 
calyx-tube.  Of  this  kind  is  the  fhiit  of  all  Oompositss  <Fig.  56B- 
573).  Here  the  lube  of  the  calyx  is  iaconpotaled  widi  the  stnfaoe 
of  the  ovary,  and  its  limb  or  border,  obeol^  in  isdme  oases  (f1g> 
568i),  in  others  •{>pears  as  a  eroum  (Fig.  569),  ctip^  a  set  of  ieetk 
or  of  scales  (Fig.  570,  571),  or  as  a  tuft  of  bristles  wt  hairs  (Fig. 
572,  573),  &C.,  e^Ued  the  pappus.  In  the  Lettuce  and  DandelioQ 
(Fig.  573),  the  acheninm  is  rattraie^  i.  e.  its  summit  is  extended 
into  a  slender  beak. 

603.  A  Utricle-  is  the  same  as  an  aobeinam,  only  with  a  thin  itaid 
bladdery  loose  pericarp,  like  that  of  Goosefooi  and 
Amaranth  (Fig.  574,  575).  The  thin  ooat  commoidy 
bursts  irregularly,  dtschar^ng  the  seed.  In  the  true 
Amaranths  it  opens  by  a  circular  line^  and  the  upper 
part  falls  as  a  lid,  converting  the  fruit  into  a  small 
pyxis  (619). 

604.  A  Caryopsis  or  Grata  differs  from  the  last  in  hav* 
ing  the  seed  completely  filling  the  cell,  and  its  coat 
firmly  consolidated  throughout  with  the  very  thin  peri- 
carp, as  in  wheat,  Indian  com,,  and  othfr  cereal  grains 
(Fig.  622-624).  Of  all  frviU  this  is  the  kind  most 
likely  to  be  mistaken  for  a -seed. 

605.  A  Nnt  is  a  hard,  onenseUed  and  one-seeded,  indehisoent  fruit, 
like  an  achenium,  but  larger,  and  usually  produced 
from  an  ovary  <^  two  or  more  cells  with  one  or  more 
ovules  in  each,  all  but  a  single  ovule  and  cell  having 
disappeared  during  its  growth  (586) ;  as  in  the 
Hazel,  Beech,  Oak  (Fig.  576,  1166),  Chestnut, 
Cocoa-nut,  &c.  The  nut  is  often  oiclosed  or  sur- 
rounded by  a  kind  of  involucre,  termed  a  Cuptde  / 
as  the  cup  at  the  base  of  the  acorn,  the  bur  of  the 
chestnut,  and  the  leaf-like  covering  of  the  hazel-nut 

606.  A  Samara  or  Key-frnit  is  a  name  api^ed  to  a  nut,  or  achenium^ 
having  a  winged  apex  or  margin ;  as  in  the  Birch,  Elm  (Fig.  578), 

via.  674.    Utrfeto  of  ChmiopodhiA  ftlbom,  or  eommoa  Ooonfbot.    57S.  UMde,  or  pjxli| 
oTuiAjnAnBttk. 
no.  676.    Aeora  (nut)  of  White  Oak,  wiUi  its  cup  or  cnpnlo. 
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«m[  Ash  (Fig.  577).    The  fhiit  of  the  Maple  cMuifets  of  t^ivo  such 
froits  heloi^g  to  one  Hower,  united  hy  their  bases  (Fig.  787). 

607.  DehiseeM  Rnith  (>p  P^ds,  are  distinguishable  into 
those,  consisting  of  a  simple  pistil,  and  dvDse  rtsnltiag 
from  a  compound  pistiL 

608.  Of  those  originating  from  simple  pistils^  the 
principal  kinds  are  the  FolUcie  and  the  Legume^  These 
niaj  be  taken  as  tl^  t3rpe,  of  simple  fruits. 

609.  A  Follicle  is  a  pod  formed  of  a  simple  pistil,  and 
dehiscent  by  tlie  ventral  or  inner  suture  akme ;  as  in 

the  Milkweed,  ^Larkspur,  Columbine,  Peonj, 
and  Marsh-Marigold  (Fig.  579).  When  it 
opens  widely,  the  pistil  may  be  said  to  revert 
to  its  natural  state  of  a  leaf,  and  it  often  looks 
much  like  one,  as  in  Fig.  492. 

610/  A  Legume  is  a  pod  formed  by  the  ripen- 
^       ingof  a  simple  pistil  which  dehisces  by  both 
sutures,  and  so  divides  into  two'iva/ifes  or  pieces,  as  in 
the  Bean  and  Pea  (Fig.  580).    This  being  the  ordinary  ^ 

fruit  of  the*  Pulse  fiamily,  accordingly  named 
L9guminio$a  '(or  Legnminous  plants),  the  namp 
has  been  extended  to  it>in  descriptive  botany. 
In  all  oases,  whatever  the  form,  and  whether 
dehiscent  or  not  The  legume  will  be  found 
to  exhibit  no  small  diversity  in  this  large  fam- 
ily (799).    Among  its  forms  is  one  termed 

611.  A  lomeat.  This  is  a  legume  divided 
transversely  into 'two  or  more  one-seeded  joints, 
whidb  usually  fall  apart  at  maturity  (Fig.  581). 
Commonly  these  joints  remain  closed,  as  in 
Desmodium ;  sometimes  they  split  into  two 
valves,  as  in  Mimosa. 

612.  A  CapSDle  is  the  pod,  or  dehiscent  fruity 
'  of  any  compound  pistiL     When  regularly  dehis«> 

ceat,  as  already  stated  (591),  the  pod  splits 
lengthwise  into  pieces  or  valves.  . 
613.  A  capsule,  necessarily  consisting  of  two  or  more  carpels  or 

no.  677.  SamuA  of  White  Aih.    678.  Samara  of  Amerksn  Dm. 

1^.  67^.  toUtcU  ofCaltha  paluittrts,  ihe  Manh-^TarigoId. 

7IG.  680.  Legoma  of  a  Sweat  Pea,  alreadj  dehiscent    68L  LomenC  of  a  Ttek-Tmfbll  o^ 
nnwodinm. 
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simple  pistils  united  into  one  body,  will  nonnallj  dehisce  in  ene 
of  two  ways.     Namely,  either  the  carpeb  will  separate  at  the  line 
of  junction,  thus  resolving  the  pod  into  its  constituent 
elements ;  or  else,  these  parts  cemaining  united,  each 
cell  will  open  on  the  back  by  a  splitting  of  the  dorsal 
suture.    The  former  constitutes 

614.  SepUddal  Miicence  (Fig.  582, 
584),  so  named  because  the  capsule  splits 
through  the  septa  or  pariitioni  {dissepi^ 
ment»)y  each  one  separating  into  its  two 
constituent  layers,  one  belonging  to  each 
carpeL  This  occurs  in  Azalea  and  its 
allies,  in  St.  Johnswort,  &c  The  car- 
pels, thus  becoming  separate,  in  these 
cases  open  down  their  inner  suture, 
en            like  a  follide,  and  discharge  the  seeds.  sn 

When  the  cells  are  only  one-seeded,  afler  separating  septiddally, 
they  oflen  remain  dosed 
>^       Av  and  fall  away  separately,        ^^        S,^ 

/^      \    /     \       as  in  Mallow,  Vervain  (Fig.      jC^  ^k 

L , \      985),  &c    Suchdosedor    1^^        ^^^^^\ 

O  nearly  dosed  cells  or  car-     |  / 

pels  of  a  compound  pistil 
are  termed  cocci,  ^^  '  "^^ 

"^  615.    Locoliddtl  DeUi-  "" 

Cenee  is  that  in  which  the  splitting  opens  into  the  loculamentt  (in 
Latin,  ioctUt)  or  cells ;  that  is,  each  carpd  dehisces  by  its  dorsal 
suture  (Fig.  583,  585),  as  in  Iris,  the  Idly,  HibLscus,  Evening  Prim- 
rose, &c  The  dissepiments  here  are  necessarily  borne  on  the  mid- 
dle of  the  valves. 

616.  In  the  Violet,  &c.  we  have  the  kxsulicidal,  and  in  several 
kinds  of  St.  Johnswort  the  septiddal,  plan  of  dehiscence  in  one- 
celled  capsules ;  the  placentce  (answering  to  the  partitions)  being 
bonie  in  the  former  upon  the  middle  of  the  valves ;  while  in  the 
latter  each  placenta  is  split  in  two,  and  one  half  borne  on  each : 
gin  of  a  valve. 

FIG.  682.    DehlflOMit  ea|Mak  of  Xlodea,  mlarfed,  ihowliig  wptlcldBl  dehiweDM. 
TIQ.  688.    Dehlaoeat  oafMulo  of  Iris,  ibowiDg  locaUddal  dahlfeenM}  Um  lofrar  | 
ftcroM,  ihowing  th«  diatepimenti  bonie  on  the  middk  of  th«  TalTca. 
Via.  684.    DiMgnm  (in  eron-wotkm)  of  ■epUddiJ,  ud,  685,  of  tocnIickUl,  i 
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'  617.  leirtifrasalDelilWBCeisainodmcationofeitherthelocuH^ 
or  the  septicidal,  in  which  the  valves  fall  away,  leaving  the  dissepi- 
ments behind  attached  to  the 
axis.  Fig.  586  is  a  diagram 
refKresenting  this  in  a  case 
of  locoliddal  opening.  Fig. 
587,  from  the  common  Morn- 
ing-Glory, is  this  modifica- 
tion of  the  septiddal  mode. 

618.  Instead  of  splitting  *•  "^ 

into  separate  pieces,  the  sutures  of  the  pericarp  sometimes  open  for 
a  short  distance  at  their  apex  only,  as  in  Cerastium  and  some  other 
Chickweeds,  in  Tobacco  (Fig.  1050),  and  in  the  Primrose  (Fig. 
943)  ;  or  by  mere  pores,  as  in  the  Poppy.  The  pod  of  the  Snap* 
dragon  opens  by  the  bursting  of  a  hole  towards  the  top  of  each  cell, 
not  corresponding,  perhaps,  with  any  suture.  Another  anomalous 
mode  of  dehiscence,  namely,  the  eircumeissilej  characterizes 

619.  The  Pyiil  or  Pyxidilini)  a  pod  which  opens  by  a  circular  hor« 
izontal  line  cutting  off  the  upper  part  as  a  lid.  The 
fruits  of  the  Plantain,  Henbane,  Amaranth  (Fig. 
575,  which  is  otherwise  a  utricle).  Pimpernel,  and 
Purslane  (Fig.  588)  are  of  this  kind. 

620.  A  Siliqne  is  a  slender  two-valved  capsule,  with 
two  parietal  placentas,  from  which  the 
valves  separate  in  dehiscence;  as  in 
*"  plants  of  the  Cruciferous  or  Mustard 

famUy  (Fig.  589),  to  the  fruit  of  which  the  term  prop- 
erly belongs.  Usually  a  fidse  partition  is  stretched 
across  between  the  two  placentie,  rendering  the  pod 
two-celled  in  an  anomalous  manner. 

621.  A  Silide  or  Pooeh  is  merely  a  short  silique,  its 
length  not  more  than  twice  its  breadth ;  as  that  of  Shep- 
herd's-Purse,  Oandytuft,  &c. 

622*  AggregSte  Fniitt  are  those  in  which  a  cluster  of 
carpels,  all  belonging  to  one  flower,  are  crowded  on  the 
receptacle  into  one  mass,  as  in  the  raspberry  and  blackberry  taken 
as  a  whole  (Fig.  564),  where  the  constituent  fruits,  or  ripened  carpels, 


Wm,  &M,    8«pUft»gJ  modMlttUop  of  tecollddal,  md,  687,  of  aeptfddal,  d>hlaceiie<. 
FIO.  688.    Pyxia  or  pod  of  Pnnlaiie,  the  top  wparatlDg  m  a  lid. 
^  TIQ,  58S.    SiUqae  of  Gwdunine,  in  dehiMcnct. 
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kse  litde  dru^ ;  akaihe  coaeJihe  6e$hjt  iniH  df  MagtMlim.^tere 
the  compoDent  carpels  are  a  sort  of  drupaceous  *  (oi^iclesy  at  length 
opening  on  the  back  and  summit ;  and  the  dry  cone  of  the  Tulip-tree, 
where  each  carpel  forms  a^eori  of  samara»  Koneiof  these  nggrenate 
fruits  have  special  nances  in  ordin^  use.  In  descriptive  hotanj  it 
is  sufficient  to  state '  the  kind  of  fruit  the  carpela  themselves  fixnn, 
and  their  mode  or  degree  of  aggregation. 

623.  Accessory  or  Anlhocarpoos  Fruits  are  those  of  which  the  most 
conspicuous  portion,  although  ofl^  appearing  like  a  pericarp,  neither 
belongs  to  the  pistil  nor  is  organically  united  with  it  The  apparent 
berry  of  Gaultheria,  in  which  a  succulent  ftee  calyx  invests  a  dry 
pod  and  appears  to  form  th^  real  fruit  (Fig^  ^12—914)  has  already 
been  adverted  to  (588)  ;  and  the  calyx  of .  JSkepherdia  is  similar, 
forming  what  appears  to.be  the  sarcoearp  of  a  dn^)e,  although  it  is 
really  firee  from  the  adienium  it  encloses^  Bo»  ako,  the  apparent 
achenium  or  nut  of  Mirabilis,  or  Four-o'clock,  is  the  thickened  and 
indurated  base  of  the  tube  of  a  free  calyx,  which  contracts  at  the 
apex  and  encloses  the  true  pericarp  as  a  utricle  or  thin  adiemom, 
but  does  not  cohere  with  it.  The  rose4iipi  a  hollow  calyx-tube 
Hned  with  a  hollow  receptacle  (Fig.  429),  and  the  strawberry  (Fig. 
428,  558,  559),  consisting  of  a  conical  enlarged  receptacle  beariiig 
many  minute  achenia,  may  also  be  r^arded  as  fimmis  of  aathocsr- 
pous  fruit. 

624.  Mnltlple  or  CoIkctiTO  FmttS  are  those  which,  .^result  fnm  the 
aggregation  of  several  flowers  i&to  one  mass*  The  simplest  of  these 
are  those  of  the  Partridge-Berry  (Mitchella)  and  of-  some  speciss  of 
Honeysuckle  (Fig.  859),  consisting  of  the  ovaries  of  two  bbseopis 
united  into  one  double  b^rry.  The  mcMt^  usual  sorts  are  such  aathe 
pine-apple,  mulberayi  and  the  fig.  These  are»  in  £bi^  dense  kaas 
of  inflorescence,  with  the  fruits  or  floral;  envelopes  matted  togedier 
or  coherent  wi^h  each  other ;  and  all  or  some  of  the  parts  become 
succulent.  The  grains  of  the  mulberry  (Fig»  593,  594)  are  not  the 
ovaries  of  a  single  flower,  like  those  of  the  blackberry  which  it  super- 
ficially resembles  (Fig.  564),  but  belong  to  as  many  separate  floor- 
ers ;  and  the  pulp  of  these*  pertains  to  the  floral  envelopes  instead  of 
the  pericarp.  So  that  the  mulbenyis  an  antlioeaqN>u&  (69^)  as 
well  as  a  multif^e  fruit  The  pine-apple  is  very  similar ;  only  the 
ovaries  or  pericarps  never  ripen  any  seeds,  but  all  are  blended,  with 
the  floral  envelopes,  the  bracts,  and  the  axis  of  the  stem  they  tWdtly 
cover,  into  one  fleshy  and  juicy  mass.    The  fig  (Fig.  590-592) 
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an  the  outside.  It  may  be  compared  with  such  an  anthocarpous 
fruit  as  a  rose-hip  (Fig.  429).  It  results  from  a  multitude  of  flow- 
ers concealed  in  a  hollow  flower-stalk,  if  it 
may  be  so  called,  which  becomes  pulpy  and 
edible  when  ripe ;  and  thus  the  fruit  seems 
to  grow  directly  from  the  axil  of  a  leaf, 
without  being  preceded  by  a  blossom.  The 
minute  flowers  concealed  within,  or  some  of 
them,  ripen  their  ovar 
ries  into  very  small 
achenia,  which  are 
commonly  taken  for 
seeds.  The  principal 
form  of  multiple  fruit 

which  has  received  a 
at  ...  Mr  M 

substantive  name  is 

625.  The  Strobile  or  ConCi  a  scaly  multiple  fruit,  resulting  from  the 

FI».  eSO.  AyooogSf.  .1101.  T«rtlMl«BeaoDof  tlM«aM»«iIu«id.  660.  AmaUallMor 
tb«  Mme,  mora  magniiled,  sbowing  the  flowers  on  Uie  Inildfl. 

FIG.  688.  A  yoong  mulberry.  684.  One  of  the  gralni,  magnlfled,  »howing  it  to  be  a  pif- 
tninte  flower,  with  a  mcenknt  ctXjx  embracing  the  imrj  666.  The  tame,  lem  magnified,  the 
Mcenieiit  mljx  eot  awnj. 

FXO.  686.  Strobile  or  Gooeof  a  Piteh  Pin^  Ptnni  riglda.  687.  Intlde  Tlew  of  one  of  the 
•nlM,  abowlBg  one  of  the  Mede,  and  the  plaee  ftom  which  Uie  other,  688,  has  been  detaehed. 
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ripening  of  some  sort  of  catkin.  The  name  is  applied  to  ihe  fhiit  of 
the  Hop,  where  the  hirge  and  thin  scales  are  bracts ;  but  it  more 
especially  belongs  to  the  Pine  or  Fir  cone,  the  peculiar  fruit  of  Co- 
niferas  (Fig.  506),  the  scales  of  which  are  open  carpels  (560),  bear* 
ing  two  or  more  naked  seeds  upon  their  upper  or  inner  face  (Fi^ 
597).  A  more  or  less  fleshy  and  closed  cone,  such  as  that  of  Taxo- 
dium,  and  especially  that  of  Juniper  (Savin,  Red  Cedar,  ^bc.),  whidi 
at  maturity  imitates  a  berry,  has  been  termed  a  Galbalus. 


CHAPTERXI. 

of  the  seed. 

Sect.  L    Its  Stbucture  and  Pabts. 

626.  The  Seed,  like  the  OYule  (561),  of  which  it  is  the  fertilued' 
and  matured  state,  consists  of  a  Nucleus,  or  kernel,  usually  en- 
closed within  two  Integuments. 

627.  Ill  Integuments,  te.  The  outer,  or 
proper  seed-coat,  corresponding  to  the  ex- 
terior coat  of  the  ovule,  is  variously  termed 
the  Episperm,  Spermoderm,  or  more  com- 
monly the  Testa  (Fig.  599,  b).  It  varies 
greatly  in  texture,  from  membranaceous  or 
papery  to  crustaceous  or  bony  (as  in  the 
Papaw,  Nutmeg,  &c),  and  also  in  form,  being  sometimes  closely 
applied  (conformed)  to  the  nucleus,  and  in  other  cases  loose  aiid 
cellular  (as  in  Pyrola,  Fig.  927,  and  SuUivantia,  Fig.  843),  or  ex- 
panded into  wings  (as  in  the  Catalpa  and  Trumpet-Creeper,  Fig. 
601),  which  render  the  seeds  buoyant,  and  facilitate  their  dispersioa 
by  the  wind ;  whence  winged  seeds  are  only  met  with  in  dehiscent 
fruits.  The  wing  of  the  seed  of  Pines  (Fig.  598)  is  a  part  of  the 
surface  of  the  scale  or  carpel  to  which  it  is  attached,  and  which 
separates  with  it.     For  the  same  purpose,  the  testa  is  sometimes 

no.  589.  Vertical  oiagnifled  seetkm  of  the  (anatropoui)  seed  of  the  American  Linden :  «» 
the  hllum ;  6,  the  teeta ;  e,  the  tegmen  ;  d^  the  albumen ;  e,  the  embryo.  600.  Vcrtkil  MctioB 
ct  the  (orthotropoos)  aeed  of  Ueliaathamum  Canarteine :  a,  tbe.fuiUcaUia.  i 
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provided  with  a  tufl  of  hairs  at  one  end,  termed  a  Coma;  as  in 
£pilobium  and  Milkweed  (Fig.   602).     In  the  Cotton-plant,  the 
irhole  sarface  of  the  seed  is  covered  with  long  wool. 
It  should  likewise  be  noticed,  that  the  integument  of 
nnmerous  small  seeds  is  furnished  with  a 
coating  of  small  hairs  containing  spiral 
threads  (one  form  of  which  is  represented 
in  Fig.  44),  and  usually  appressed  and  con- 
fined to  the  surface  by  a  film  of  mucilage. 
When  the  seed  is  moistened,  the  mucilage 
sdlens,  and  these  hairs  spread  in  every 
direction.     They  are  often  ruptured,  and  •*  •"* 

the  extremely  attenuated  elastic  threads  they  contain  uncoil,  and  are 
protruded  in  the  greatest  abundance  and  to  a  very  considerable  length. 
This  minute  mechanism  subserves  an  obvious  purpose  in  fixing 
these  small  seeds  to  the  moist  soil  upoti  which  they  lodge,  when  dis- 
persed by  the  wind.  Under  the  microscope,  these  threads  may  be 
observed  on  the  seeds  of  most  Polemoniaceous  plants,  and  on  the 
achenia  of  Labiate  and  Composite  plants,  as,  for  example,  in  many 
8p>eeies  of  Senecio,  or  Groundsel.  In  Peony  the  testa  becomes 
fleshy  or  baccate ;  in  Magnolia  it  imitates  a  drupe. 

628.  The  inner  integument  of  the  seed,  called  the  Teomen  or 
Endopleura,  although  frequently  very  obvious  (as  in  Fig.  599,  c), 
is  often  indistinguishable  from  its  being  coherent  with  the  testa,  and 
is  sometimes  altogether  wanting. 

629.  The  stalk  of  the  seed,  as  of  the  ovule,  is  called  the  Fu- 
HicuLUS  (Fig.  600,  a).  The  scar  left  on  the  face  of  the  seed,  by  its 
separation  from  the  funiculus  at  maturity,  is  termed  the  Hilum. 
The  chalaza  and  rhaphe,  when  present,  are  commonly  obvious  in 
the  mature  seed,  as  well  as  in  the  ovule  (564-568),  and  the  name 
and  relations  of  these  several  parts  in  the  seed  are  the  same  as  in 
the  ovule.  Also  the  terms  crthotropous^  ancUropouSy  campylotropouSj 
&e,,  originally  applied  to  the  ovules,  are  extended  to  the  seeds  which 
result  from  them ;  so  that  we  may  say.  Seeds  anatropous,  as  weU  as 
Ovules  anatropous,  &c 

630.  Aril  or  Irillm.  Some  seeds  are  furnished  with  a  covering, 
(usually  mcomplete  and  of  a  fleshy  texture,)  wholly  exterior  to  their 
proper  integuments,  arising  from  an  expansion  of  the  apex  of  the 

no.  SOI.    Th*  winged  feed  of  Trarapei-Oreeper. 

no.  OQflL    Seed  oT  MUkiKeed  (AMle]»lM  CornuU),  with  its  eomft  or  tult 
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seed<^talk,  or  funiculus,  or  of  the  placenta  iUelf  when  there  is  bo 
manifest  seed-stalk.  This  is  called  the  Aril.  It  forms  the  pulpjr 
envelope  of  the  seed  of  Podophyllum,  Euonymus,  and  G&* 
lastinis,  or  it  appears  as  a  mere  lateral  scale  in  Tumera,  or 
as  a  tough  and  lacerated  hody,  known  hj  the  name  of  maety 
in  tlie  Nutmeg.  In  the  White  Water-Lily  it  is  a  thin  and 
delicate  cellular  bag,  open  at  the  end  (Fig.  603).  The 
Aril  does  not  appear  in  the  ovule,  but  is  developed  subse- 
quent to  fertilization,  during  the  growth  of  the  seed.  Of 
the  same  or  similar  nature  is  the  Caruncle  found  at  tlie  hilum  in 
Polygala,  fonning  a  loose  lateral  appendage.  Strictly  speaking,  it 
is  to  be  distinguished  from  the  Strophiole  (like  that  of  Euphor- 
bia), which  is  a  cellular  growth  from  the  micropyle ;  but  the  two  are 
not  well  discriminated.  An  analogous  cellular  growth  takes  place 
on  the  rhaphe  of  the  Bloodroot,  of  the  Prickly  Poppy,  and  of  Dicen- 
tra,  forming  a  conspicuous  crest  on  the  whole  side  of  die  seed. 

631.  The  Nncleilt,  or  lernel  of  the  seed,  consists  of  the  Albl^mek, 
when  this  substance  is  present,  and  the  Embryo. 

632.  The  Albomenf  which  has  also  been  termed  the  Perisperm  or 
the  Endosperm^  has  already  been  described  (125)  as  the  floury  part 
of  those  seeds  in  which  an  amount  of  nourishment  for  the  germi- 
nating plantlet  is  stored  up  outside  of  the  embryo.  This  was 
called  by  (Jaertner  the  albumen  of  the  seed,  from  some  fancied  anal- 
ogy with  the  white  of  an  egg  as  to  situation  or  function  ;  —  an  un- 
fortunate term,  on  account  of  its  liability  to  be  confounded  with  thA 
quaternary  chemical  substance  of  the  same  name  (857),  one  of  the 
forms  of  proteine.  Being  in  general  use,  the  term  cannot  now  well 
be  discarded, 

633.  The  Albumen  of  the  seed  consists  of  whatever  portion  of  the 
tissue  of  the  ovule  persists,  and  becomes  loaded  with  nutritive  mat- 
ter accumulated  in  its  cells, — sometimes  in  the  form  of  stardi- 
grains  principally,  as  in  wheat  and  the  other  cereal  grains ;  some- 
times as  a  continuous,  oflen  dense,  incrusting  deposit,  as  in  the  cocoa- 
nut,  the  date,  the  coffee-grain,  &c.  When  it  consists  chiefly  of 
starch-grains,  and  may  readily  be  broken  down  into  a  powder,  it  is 
said  to  he  fan'naceotu,  or  mealy,  as  in  the  cereal  grains  generally,  in 
budrwheat,  &c  When  a  fixed  oil  is  largely  mixed  with  this,  it 
becomes  otVy,  as  in  the  seed  of  the  Poppy,  &c ;  when  more  eompact, 
but  still  capable  of  being  readily  cut  with  a  knife,  it  hJUshy^  as  in 

YIQ.  003.    A  Mwl  of  Um  >nate  WftUr-Uljr,  with  tti  sae4Uw  urlUos,  n^gdltod. 
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Ae  Barbeny,  6uu ;  when  it  chieflj  xxmsists  of  mucilage  or  vegetable 
jelly,  as  in  the  Moming-Gloiy  and  the  Mallow,  it  is  said  to  be  muci- 
Jaginous ;  when  it  hardens  more,  and  becomes  dense  and  tough,  so 
as  to  offer  much  resistance  to  the  knife,  as  in  the  Coffee,  the  Blue 
Cohosli,  &c^  it  is  corneous^  that  is,  of  the  texture  of  horn.  Between 
these  all  gradations  occur.  Commonly  the  albumen  is  a  uniform 
deposit  But  in  ihe  nutmeg,  as  also  in  the  seeds  of  the  Papaw  (Fig. 
^^  and  of  all  plants  of  the  Custard-Apple  Pamily,  it  presents  ^ 
wrinkled  or  variegated  appearance,  owing  to  numerous  transverse 
divisions,  which  are  probably  caused  by  inflections  of  the  innermost 
integoment  of  the  seed :  in  these  cases  the  albumen  is  said  to  be  runu- 
$Mied,  The  albumen  may  originate  from  new  tissue  formed  either 
within  the  embryo-sac  (579),  which  is  probably  the  more  common 
«ase ;  or  in  the  nucleus  of  the  ovule  exterior  to  the  embryo-sac, 
which  is  certainly  the  case  in  the  Water-Ldly  and  its  allies,  and  in 
Sanrurus ;  ^r  here  the  thickened  embryo-sac  persists  within  or  at 
-one  extremity  of  the  copious  albumen ;  or  both  kinds  may  coexist. 
,  When  this  is  the  case,  the  outer  albumen  may  be  distinguished  as  the 
p€n9pemLf  and  the  inner  as  the  endosperm. 

634.  Seeds  provided  with  albumen  (as  in  Fig.  599,  600,  ^5,  606, 
^09,  610-616,  622,  &c.)  are  said  to  be  albununous;  those  destitute 
of  it  (as  in  Fig.  607,  629,  110, 120,  &c)  are  exalbuminous.  The 
oomparadve  amount  of  the  albumen,  and  its  relation  to  the  embryo 
in  various  seeds,  may  be  seen  on  inspection  of  many  of  the  subjoined 
iGlgures. 


635.  Tke  EmbiyOf  or  Cenn,  being  an  initial  plantlet  or  individual,  is 
of  course  the  most  important  part  of  the  seed :  to  its  production,  protec- 

JTIO.  004.    8«ed  of «  Violet  (JtnaCsopouf), enlarged :  4,  hilam  or jcar ;  6,  rbapho ;  e,  chalaa. 
no.  eO&  Vertical  Metkm  of  the  mom,  jhow1i«  ihe  jtnlght  embryo  In  Uie  udi  of  UmbmaI^ 

no.  006.  Vertical  itetioa  of  Uie  (orUiotropoaa)  eeed  of  Dockwheat,  ahowlof  the  tmhrjo 
ibtded  roood  In  the  mealy  •Ibameii. 

FIG.  007.  Vertical  Mctkm  of  tbe  (analropoae)  eeeA  of  Bodta  Virgliiiea,  tke  embtyo  eoo^ 
.  tlilel J  fiUli«  the  ooatc. 

VIO.  008.  Seed  of  Delphinium  triooroe  (anatropooe),  enlarged ;  a,  the  hilom ;  ft,  tl^ 
iliaptae ;  e.  the  chalam.  009.  Vertical  eeetion  of  the  tame:  <,  the  ehalaaa;  d,  the  taetej  t, 
the  tcgmen)  j^  thealbnmoa^  ir«  the  minute  emb^o  near  the  hlinmj  a.  ., 
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ticm,  and  support  all  the  other  parts  of  the  fruit  and  flower  are  sub- 
servient It  becomes  a  plant  by  the  mere  development  of  its  parts : 
it  therefore  possesses,  in  a  rudimentary  or  undeveloped  state,  all  the 
essential  organs  of  v^etation,  namely,  a  root,  stem,  and  leaves*  Its 
general  structure  and  development  have  already  been  explained  in 
considerable  detail  (118  - 130). 

636.  In  albuminous  seeds  it  is  naturally  the  smaller  and  its  partf 
the  less  developed  in  proportion  to  the  amount  of  albumen,  and  the 

110  m  114  (i(  several  organs  are 

S^^v  /^^        ^^J^^V  ^'^^      developed  or  even 

mjM\      lM\m      M  /^iiH       f  ^^\l      fonned in germina- 

^^)]       v3  M      m  \^^       I  ^^31 1      ^'^^^  ^  exalbumi- 

'■  —  jj^jQg  seeds,  where 

the  embryo  con- 
stitutes the  whole 
kernel,  its  several 
parts  are  ordma- 
rily  conspicuous, 
although  they  are 
often  more  or  less  disguised  by  thickening;  as  the  cotyledons  in 
the  Almond  (Fig.  108)  and  Cherry  (Fig.  Ill),  and  especially  in 
the  Pea  (Fig.  118),  the  Acorn  (Fig.  120),  the  Horsechestnut  (Fig. 
680),  and  the  like. 

637.  The  parts  of  the  embryo,  as  already  illus- 
trated (120)  are  the  RadicU^  the  CatyledanSy  and 
the  Plumule.  The  radicle  is  the  axis,  or  rudimen- 
tary stem,  —  the  first  intemode  of  the  axis  (121, 
157),  from  the  lower  extremity  of  which  the  root 
is  produced,  while  the  other  bears  the  cotyledons, 
L  e.  the  leaves  of  the  first  node ;  and  the  plumule 
is  the  bud  which  crowns  the  summit  of  the  radide. 

638.  Owing  to  the  mode  of  its  formation  (580),  the  radicle  of  the 


no.  610.  TcrUediMtionof  tb«awaoraPMQ7,ihowiiifaRMU«mbix»BMrih0lM^ 
tiie  eopkHU  «nmm«D.    611.  Th*  emhrTO,  detached,  and  more  magnifled. 

no.  612.  Seetkm  of  a  eeed  of  Barberry,  witti  a  atiaight  embryo  la  ttie  axle  ef  the  alte- 
tten.    618.  Its  embryo,  detaebed. 

no.  614.  Seetion  of  a  PoCato-aeed,  ibowing  the  embryo  tolled  In  the  albomen.  61ft.  Be 
•mbtyo,  detached. 

VIO.  616.  SeetloaoftbeMedofMlrabIliflor7oinK>*clock,iboirlogthecmbiyoeellidreaBl 
tiie  oatelde  of  the  albumen.    617.  Ita  embryo,  detached,  and  partly  apread  oat. 

FIO.  618.  Embryo  of  the  Pompldn,  with  Ita  abort  radicle  and  large  and  flat  ootylidoBii» 
•een  flatwiae.    619.  A  Tertleal  aeetlon  of  the  aan 
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embryo  is  always  near  to  and  points  towards  the  micropyle  of  the 
seed,  viz.  to  what  was  the  orifice  of  the  ovule;  and  if  the  embryo  be 
straight  (as  in  Fig.  605),  or  merely  partakes  of  the  curvature  of 
the  seed,  the  cotyledons  point  to  the  opposite  extremity  of  the  seed, 
that  is,  to  the  chalaza.  The  position  of  the  radicle  as  respects  the 
hilum  varies  with  the  different  kind  of  seed.  In  the  orthotropous 
form,  as  in  Helianthemum  (Fig.  600)  and  Buckwheat  (Fig.  606), 
the  radicle  necessarily  points  directly  away  from  the  hilum.  In  the 
anatropous  form,  as  in  the  seed  of  the  Lin- 
den (Fig.  599)  and  Violet  (Fig.  604,  605), 
the  extremity  of  the  radicle  is  brought  to 
the  immediate  vicinity  of  the  hilum ;  and 
so  it  is,  although  in  a  different  way  in 
the  campylotropous  seed  (Fig.  620,  621) ;  while  in  the  amphitro- 
pous,  the  radicle  points  away  from  the  hilum  laterally,  at  a  right 
angle  to  the  funiculus.  As  the  nature  of  the  ovule  and  seed  may 
usually  be  ascertained  by  external  inspection,  so  therefore  the  situa- 
tion of  the  embiyo  within,  and  of  its  parts,  may  often  be  inferred 
without  dissection.  But  the  dissection  of  seeds  is  not  generally  a 
difficult  operation. 

639.  The  position  of  the  embryo  as  respects  the  albumen,  when 
that  is  present,  is  various.  Although  more  commonly  in  the  axis,  it 
IS  often  excentricy  or  even  external  to  the  albumen,  as  in  all  Grasses 
and  cereal  Grains  (Fig.  622-624),  in  Polygonum  (Fig.  1111),  &c 
When  external  or  nearly  so,  and  curved  circularly  around  the  albu- 


men, as  in  Goosefoot,  Chickweed  (Fig.  621),  and  Mirabilis  (Fig. 
616),  it  is  said  to  be  peripheric.    When  bent  or  folded  in  such  a 

TIG.  620.    Caaapylotropoiu  wed  of  the  common  Chlckfreed  (Stellarla  media),  magnified. 

FIG.  S21.    Section  of  the  same,  showing  the  embryo  coiled  around  the  outside  of  albumen. 

riG.  622.  Vertical  section  of  a  grain  of  Indian  Com,  passing  through  the  embryo :  e,  the 
cotyledon ;  p^  the  plumule  ;  r,  the  radicle.  (A  highly  magnified  portion  of  the  albumen,  which 
malcee  up  the  principal  bulk  of  the  grain,  la  shown  in  Fig.  70,  p.  54.)  628.  Similar  eection  of 
•  grain  of  Rice.  624.  Vertical  section  of  an  Oat-graln :  a,  the  albumen ;  e,  the  cotyledon ;  j», 
tbe  plomole ;  and  r,  the  radicle  of  the  embryo. 
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Way  that  tlie  radicle  lies  along  the  edges  of  the  cotyledons,  tbe 
lattef  are  said  to  be  accumbent  (Fig.  700) ;  or  when  the  radicle 
rests  against  the  back  of  one  of  them,  or  in  proximity  to  it  (Fig. 
705),  they  atre  incumbent. 

640.  The  direction  of  the  embryo  with  respect  to  the  pericarp  b 
also  particularly  noticed  by  systematic  writers;  who  employ  the 
terms  a9cendingj  or  radide  superior^  when  the  latter  points  to  the 
apex  of  the  fruit ;  descending,  or  radicle  inferioTy  when  it  points  to 
its  base ;  centripetal^  when  the  radicle  is  turned  towards  the  axis 
of  the  fruit ;  centrifugal,  when  turned  towards  the  sides ;  and  vague^ 
when  it  bears  no  evident  or  uniform  relation  of  the  kind  to  the 
pericarp. 

641.  As  to  the  number  of  its  cotyledons,  or  the  degree  of  com- 
plexity or  simplicity  of  the  embryo,  the  principal  types  hare  already 
been  considered  (128).  The  plan  of  the  embryo  in  Exogenous 
plants  is  to  have  a  pair  of  opposite  cotyledons ;  that  is,  the  embryo 
is  dicotgledonousy  and  such  plants  are  denominated  Dicotyledo- 
nous Plants. 

642.  A  modification  of  this  plan  occurs  in  Pines  and  roost  other 
Coniferse,  in  which  the  cotyledons  are  increased  to  three,  four,  six, 
or  even  to  fifteen,  in  a  whorl  (Fig.  133,  134) ;  and  this  embiyo  of 
highest  complexity  is  called  polgcotgledonotu.  The  embryos  of 
some  Leguminous  or  Cruciferous  plants  are  occasionally  found,  with 
three  cotyledons,  as  an  accidental  deviation. 

643.  But  in  all  Endogenous  plants  only  one  cotyledon  appears, 
i.  e.  only  one  seed-leaf  on  the  primary  node  ;  if  two  or  more  rudi- 
mentary leaves  are  present,  they  are  alternate,  and  all  but  tlie  first 

belong  to  the  plumule.  Here  the  em- 
bryo is  monocotgledanousy  and  hence 
Endogens  are  also  termed  Monocoty- 
LEDONOUS  Plants.  The  monocoty- 
ledonous  embryo  does  not  usually  pre- 
sent a  manifest  distinction  into  radicle, 
cotyledons,  and  plumule,  as  the  dicoty- 
ledonous ;  but  often  appears  like  a  ho- 
mogeneous and  undivided  cylindrical  or  club-shaped  body,  as  in  Iris 

FIG.  626.  8«ed  of  Tiiglochin  palostro ;  fth«  rhaphc,  iMdlng  to  th«  ttrong  ehaluft  ftt  tht 
•ammlt,  turned  towards  th«  eye.  626.  The  embryo  detached  fhmi  the  aeed-coata,  sbowinc 
lira  kmgitiullDal  ehink  at  tbe  base  of  the  eotyledoD ;  the  ehort  part  belov  is  the  mdiele.  621. 
Same,  with  the  chink  tamed  laterally,  and  half  the  cotyledon  cut  away,  bringing  to  riew  the 
plumule  concealed  within.    628  A  croet-MoUon  through  the  jAamale,  more  magnified. 
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(Fig.  131)  and  Triglochin  (Fig.  626).  In  the  latter,  however,  close 
inspection  reveals  a  vertical  slit  or  chink  just  above  the  radicular 
extremity,  through  which  the  plumule  is  protruded  in  germination. 
If  the  embryo  be  divided  parallel  with  this  slit,  the  plumule  is 
brought  into  view ;  as  in  Fig.  627.  If  a  horizontal  section  be  made 
at  this  point  (as  in  Fig.  628),  the  cotyledon  is  found  to  be  wrapped 
around  the  enclosed  plumule,  sheathing  it,  much  as  the  bud  and  the 
younger  parts  of  the  stem  are  sheathed  by  the  bases  of  the  leaves 
in  most  monocotyiedonous  plants.  The  plumule  is  more  manifest 
im  Grasses,  especially  in  the  cereal  grains,  and  more  complex,  ex" 
lubidng  the  rudiments  of  several  concentric  leaves,  or  of  a  strong 
bud,  previous  to  germination  (Fig.  622-624,  and  126-128).  In 
many  cases,  however,  no  distinction  of  parts  is  apparent  until  ger- 
mination commences ;  as  in  the  Onion,  Iris  (Fig.'  131),  dx% 

644.  In  several  Dicotyledonous  plants  one  cotyledon  is.  smallef 
than  the  other,  viz.  the  inner  one,  when  the  embryo  is  coiled  ot 
folded.    And  in  all  the  species  of 

Abronia  this  cotyledon  is  wanting, 
so  that  the  embryo  becomes  tech- 
nically monocotyiedonous.  In 
the  Dodder,  a  genus  of  leafless 
parasitic  plants  of  the  Convolvu- 
lus family,  the  embryo  also  is 
entirely  destitute  of  cotyledons 
(Fig.  148).  Here  these  organs 
are  suppressed  in  an  embryo  of 
considerable  size;  but  in  most 
such  parasites,  the  embryo  is  very 
minute,  as  well  as  reduced  to  the 
greatest  degree  of  simplicity,  and 
seems  to  remain  until  germination 
in  a  very  rudimentary  state. 

645.  Sometimes  the  two  cotyle- 
dons of  a  dicotyledonous  embryo 
are  consolidated,  or  more  or  less 
coherent  by  their  contiguous  faces 

into  one  mass,  when  they  are  said  to  be  conferrumtnate^  as  in  the- 
Horsechestnut,  Buckeye  (Fig.  629,  630),  and  the  Chestnut.     In- 
these,  as  in  other  embryos  with  very  thick  cotyledons,  the  latter  are- 
na. 629.    Sectkm  of  the  wed  of  a  Buckeye.    680.  A  Buckeye  ia  germination. 


Digitized  by 


Google 


d^  THE  8ECD* 

necessarily  hypogaoui  in  germination  (124,  126),  tliat  is,  tbej  re- 
main underground,  enclosed  within  the  coats  of  the  seed,  yielding 
their  abundant  store  of  nourishment  to  the  radicle  and  the  plumule; 
and  the  first  leaves  that  appear  are  those  of  the  plumule. 


Sect.  IL    GERsoKATioir. 

646.  Germimtion  is  the  initial  act  of  growth,  by  which  the  embryo 
in  a  seed  develops  into  a  plantlet.  The  steps  of  the  early  growth 
have  already  been  sufficiently  explained  in  an  early  part  of  this  vol- 
ume (119-182). 

647.  The  seeds  of  some  plants  (such  as  the  Red  Maple)  germi- 
nate shortly  afler  fidling  to  the  ground ;  those  of  most  other  plants 
not  until  the  next  year,  or  even  later.  How  long  seeds  may  retain 
the  power  of  germinating  is  uncertain,  and  is  extremely  variable  in 
different  species  and  families.  Those  of  many  plants  under  ordinary 
circumstances  can  rarely  be  made  to  grow  after  two  or  three  years; 
some  will  germinate  pretty  well  after  several  years  keeping;  and 
the  seeds  of  certain  Leguminous  plants  have  been  known  to  germi- 
nate  when  sixty  years  old.  But  the  current  accounts  of  wheat,  ^ 
being  raised  from  grain  taken  from  ancient  mummies,  circumstan- 
tially authenticated  as  some  of  them  appear  to  be,  must  be  received 
Mrith  the  greatest  misgiving,  if  not  with  entire  incredulity.  One  of 
the  most  probable  cases  of  germination  of  ancient  seeds  on  record  is 
that  given  by  Dr.  Lindley,  of  some  Raspberries,  ^  raised  in  the  gar- 
den of  the  Horticultural  Society  from  seeds  taken  from  the  stomach 
of  a  man,  whose  skeleton  was  found  thirty  feet  below  the  surface  of 
the  earth,  at  the  bottom  of  a  barrow  which  Was  opened  near  Dorches- 
ter. He  had  been  buried  with  some  coins  of  the  Emperor  Hadrian; 
and  it  is  therefort  probable  that  the  $eed$  were  sixteen  or  seventeen 
hundred  years  Mr  Most  seeds,  when  buried  deep  in  the  soil, 
where  they  are  subject  to  a  uniform  and  moderate  temperature,  and 
removed  from  the  influence  of  the  air  and  light,  may  be  in  a  favorable 
state  for  the  preservation  of  vitality,  and  would  be  likely  to  germi- 
nate when  brought  to  the  surface  afler  a  considerable  interval  £ut 
the  possibility  f:^  mistake  or  of  collusion  must  be  more  thorooghlj 
eliminated  before  a  case  of  such  extraordinary  tenacity  of  life,  under 
conditions  in  some  respects  very  unfavorable,  can  be  considered  as. 
well  established. 
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^46.  The  oofiditions  requisite  to  germinatton  are  exposure  to 
moisture  and  to  a  certain  amount  of  heat,  varying  from  50°  to  80** 
(Fahrenheit)  for  the  plants  of  temperate  climates,  to  which  must  be 
added  a  free  communication  with  the  air.  Direct  light,  so  essential 
to  subsequent  vegetation,  is  unnecessary,  and  generally  unfavorable, 
to  germination.  The  degree  of  heat  required  to  excite  the  latent 
vitality  of  the  embryo  is  nearly  uniform  in  the  same  species,  but 
widely  different  in  different  plants ;  since  the  common  Chickweed 
will  germinate  at  a  temperature  not  £ac  above  the  freesing-point  of 
water,  while  the  seeds  of  many  tropical  plants  require  a  heat  of 
90^  to  110°  (Fahrenheit)  to  call  them  into  action,  and  are  often 
exposed  to  a  considerably  higher  temperature.  Seeds  are  in  the 
most  favorable  condition  for  germination  in  spring  or  summer,  when 
loosely  covered  with  soil,  which  excludes  t^e  light  while  it  freely 
admits  the  air,  moistened  by  showers,  and  warmed  by  the  rays  of 
the  sun.  The  water  which  is  slowly  absorbed  soflens  all  parts  of 
the  seed ;  the  eiiibryo  swells,  and  bursts  its  envelopes,  or  the  elon- 
gating radicle  is  protruded  from  them,  and  all  the  parts  grow  or 
unfold  in  the  manner  already  described,  each  organ  in  its  proper 
medium,  the  root  being  developed  in  the  soil,  and  the  stem  and 
leaves  in  the  air. 

649.  The  nourishment  which  the  embryo  requires  during  germi- 
nation is  furnished  by  the  starch,  &c  of  the  albumen  (682),  when 
thb  substance  is  present  in  the  seed ;  or  by  starchy  or  other  nutri- 
tive matter  accumulated  in  its  own  tissue  (636, 123).  But  as  stardi 
is  insoliA>le  in  cold  water,  certain  chemical  changes  are  necessary  to 
bring  it  into  a  fluid  state,  so  that  it  may  nourish  the  embryo.  These 
ehanges  are  incited  by  the  proteine  or  neutral  azotized  products 
(354),  which  are  largely  accumulated  in  the  seed,  either  in  the 
albumen  or  in  the  embryo  itself,  and  which  take  the  initiative  in  all 
the  transformations  of  vegetable  matter  (27).  In  the  germinating 
seed,  just  as  in  growth  from  a  bulb  or  tuber,  the  changes  essentially 
consist  in  the  transformation  of  the  starch,  first  into  dextrine,  or 
gum,  and  thence  into  sugar,  a  part  of  which  is  destroyed  by  resolu- 
tion, first  into  acetic  acid,  and  finally  into  carbonic  acid  and  water, 
with  the  abstraction  of  oxygen  from  the  air,  and  the  evolution  of 
heat  (349,  370  -  373),  while  the  remainder  is  rendered  directly  sub- 
servient to  the  growth  of  the  plantlet  The  reason  why  light,  so 
essential  to  subsequent  growth,  impedes  or  prevents  incipient  ger- 
mination, becomes  evident  when  we  remember  that  it  incites  the 
28  ♦ 
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decomposiUon  of  carbonic  acid,  and  th<%  fixa^op  e^  carbon  bj  tbe 
plant  (344  -  850) ;  while  germination  is  necessarily  attended  by  an 
opposite  transfOTmation,  namely,  the  destruction  of  a  portion  of  or* 
ganized  matter,  with  the  evolution  of  carbonic  add.*  In  germina- 
tion, as  in  any  other  act  in  which  matter  is  transftmned  or  traa»* 
ferred,  there  is  a  certain  expenditure  of  force  and  loss  of  organized 
material  The  pbntlet  is  obliged  to  decompose  and  destroy  a  pait 
of  the  starch  or  other  material  provided  for  its  initial  growth,  in 
order  that  it  may  transform  the  rest  into  dextrine  and  sugar,  and 
this  again  into  cellulose  or  the  material  of  the  new  cells  formed  in 
its  groMTth. 

650.  The  study  of  the  seed,  and  of  the  development  of  the  em« 
bryo  it  contains  into  a  plantlet,  completes  the  cycle  of  vegetable  life 
in  the  higher  grade  of  Phsenogamous  plants^  and  brings  ns  back  to 
our  starting-point  (118, 119). 


CHAPTER    XII. 

OP  REPBODUCnON  IN  CRTPTOOAMOUS  OB  FLOWEBLESS  PLANTS. 

651.  The  lower  grade  of  Crtptogamous  or  Flowerless 
Plants  (Chap.  II.  Sect.  I.)  would  now  require  to  be  considered, 
both  as  to  the  vegetation  and  their  reproduction.  But  the  plan  of 
structure  in  each  principal  Cryptogamous  family  is  so  peculiar, 
and  the  organs  of  fructification  especially  so  diverse,  that  their 
morphology  cannot  be  presented  under  one  ocnnmon  type,  as  in  Phse- 
nogamous vegetation.  Each  great  family  or  group  would  have  to 
be  separately  treated,  and  with  much  fulness  of  illustration,  to  make 


*  Seeds  may  casnally  germinate  while  attached  to  the  parent  plant,  especially 
snch  as  are  snrrocinded  with  pulp,  like  those  of  the  Cucumber  and  Melon.  Tbe 
process  is  liable  to  commence  in  wheat  and  other  grain,  when  protracted  warm 
and  rainy  weather  occurs  at  the  period  of  ripening ;  and  the  albumen  becomes 
glutinous  and  sweet,  from  the  partial  transformation  of  the  starch  into  dextrina 
and  sugar.  In  the  Mangrove,  which  forms  dense  thickets  along  tropical  coasts, 
germination  habitually  commences  in  the  pericarp  while  the  fruit  remains  on  tbe 
tree ;  and  the  radicle^  piercing  the  integuments  which  enclose  it,  elongates  in  the 
air ;  such  a  plant  being,  as  it  were,  vioiparous. 
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the  6ul]ject  intellfgible  to  the  unpractised  student  This  can  haidlj* 
be  done  in  so  elementary  a  work  as  the  present,  but  requires  a  sepa- 
rate treatise.  The  student  who  has  intelligently  studied  the  present 
volume  up  to  the  present  point,  is  prepared  for  the  more  difficult  studj 
of  the  structure  of  Crjptogamoos  plants,  in  the  only  general  work  of 
the  kind  that  has  yet  appeared  in  the  English  language,  yiz.  Berke- 
ley's Introduction  to  Oryptogamie  Botany.  An  enumeration  of  the 
Cryptogamous  orders,  with  a  brief  notice  of  their  structure  and  suIk- 
or^nate  divisions,  may  be  found  in  the  systematic  part  of  th%  pres- 
ent work.  A  slight  sketch  of  their  grades  of  deyelopment  as  to 
vegetation  has  already  been  given  (97-118).  We  here  attempt 
to  present  merely  a  very  brief  and  general  account  of  their  plan  of 
reproduction,  divested  as  far  as  possible  of  technical  terms. 

652.  Taken  collectively,  we  distinguish  this  lower  series  of  the 
vegetable  kingdom  by  negative  characters  only ;  saying  that  these 
plants  do  not  bear  tmejhwers  (consisting  essentially  of  stamens  and 
pistils),  and  accordingly  do  not  produce  tetds,  or  bodies  consisting 
of  a  distinguishable  embryo  plantlet,  developed  in  an  ovule  through 
fertilization  by  pollen.  Their  9pore$  (97),  or  the  bodies  produced  in 
their  fructification  by  which  they  are  propagated,  and  which  there- 
fore answer  to  seeds,  are  single  cells,  at  least  in  most  cases.  These, 
as  they  germinate  in  the  soil,  or  whatever  medium  they  live  in,  un- 
dergo a  development  at  the  time  of  their  germination  which  has  been 
compared  with  that  of  the  embryonal  vesicle  (579)  during  its  devel- 
opment into  the  embryo  in  the  ovule ;  and  by  growth  directly  give 
rise  to  the  plant  , 

653.  It  was  once  thought  probable,  that  these  spores  were  pro- 
duced, and  were  capable  of  developing  into  the  plant  without  being 
fertilized  by  other  cells  answering  to  pollen ;  or  at  least  that  this  was 
the  case  in  aU  the  lower  orders,  such  as  Algae  and  Fungi,  and  in  some 
of  the  highest,  such  as  Ferns.  But  the  sagacious  Linnaeus,  by  nam- 
ing them  Cryptogamous  plants  (i.  e.  plants  with  concealed  organs  of 
reproduction)  seems  to  have  recorded  his  belief  that  they  were  really 
bisexual,  or  furnished  with  two  sorts  of  organs,  the  fertilizing  and  the 
fertilized.  A  series  of  important  discoveries,  for  the  most  part  of 
recent  date,  have  proved  this  to  be  so,  —  have  made  known  a  true 
fecundation  in  numerous  species  of  every  Cryptogamous  order,  and 
in  their  lowest  as  well  as  their  highest  forms,  thus  leaving  no  doubt 
of  its  universality.  The  apparatus  and  the  processes  of  reproduction, 
however,  are  wonderfully  varied  in  the  different  groups  of  Cryp- 
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togamoas  plants.  A  few  examples  may  be  adduced,  illintatiTe  of 
the  principal  modes,  beginning  with  the  simplest  plants. 

654.  Be prodaeUon  in  Pltnli  of  t  Siogk  Cell  (100).    All  sach  simple 

one-celled  plants  as  Protococcus  and  the  like  (Fig.  79  -  88, 18  -  22), 
Besmidiaceae  and  Diatomaoes,  are  freelj  propagated  by  cell-multi- 
plication (33  -  86), — the  division  of  their  protoplasm  or  whole  living 
mass  into  bodies  which  directly  become  new  cells  like  the  parent, — 
or  by  original  cell-formation  in  their  interior  (29).  This  is  iio»- 
$exual  Veprodudion^  and  essentially  answers  to  the  well-known  prop- 
agation of  Phsenogamous  plants  by  buds,  bulbs,  ofi&eta,  &c  It  is 
probable  that  this  may  not  go  on  indefinitely  in  any  plant  At  any 
rate,  not  only  do  all  the  higher  plants  propagate  in  a  different  way, 
viz.  by  flowers,  producing  seeds,  but  probably  all  plants  of  the  lower 
grade  also  have  a  ssxual  reproduction  in  some  form  or  other.  It  is 
certainly  the  case  in  many  one-celled  plants,  and  in  others  almost 
equally  simple  in  structure.  As  in  Phssnogamous  plants,  sexual 
reproduction  essentially  depends  upon  the  mingling  of  the  materials 
of  two  disdnct  cells  (as  the  pollen-<^ll  and  the  embryonal  veside, 
579) ;  and  these  cells  in  the  lowest  forms  of  vegetation  represent 
individual  plants.  The  simplest  mode  of  such  reproduction  in  tlie 
lowest  plants,  and  that  longest  known,  is  what  has  been  teimed 

655.  CoDJBgatiOD*     This  is  the  mode  in  which  two  vast  tribes  of 
microscopic  one-celled  aquatic  plants,  the  Desmidiaoeae  and  Diato* 

.  macese,  are  reproduced.  They  miiJlti- 
ply  rapidly,  and  apparently  without 
limit,  by  successive  division  into  two 
equal  parts,  which  separate,  each  be- 
coming like  the  originaL  But  at  length 
two  of  tliese  individuals,  being  en- 
dowed with  the  power  of  movement, 
come  into  contact ;  the  firm  or  often 
silicious  cell-wall  ruptures  or  gives 
way  in  a  definite  manner  at  the  place 
of  junction,  and  the  whole  contents  of 
the  two  conjugating  cells  or  individa- 
•^*      •"         •"  *"        als  are  concuningled  into  one  mass  of 

protoplasm,  &c. ;  this  soon  has  a  coat  of  cellulose  formed  around  it, 

FIG.  681.  Hi«iiifl«l  IndlvidoAl  of  CkMterhim  •4mt«iin,  aftor  Balflk  682.  Two  IndtrMviIt 
more  nugnifl«d,  Id  oooJagaOon ;  Uieir  cells  opening  one  into  the  other,  tad  the  oontMtf  ■!■- 
(led ;  in  683,  eondendng ;  la  684,  coUeeted  end  formed  into  ft  ipeNb 
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and  is  noir  a  spore,  which  'when  it  grows  hegins  a  new  series  of  in- 
dividuals developed  hj  successive  division. 

656.  In  AlfS  eoisisUllg  of  8  Singte  lew  •(  Cells  one  tribe  presents 
the  same  mode  of  reproduction,  and  the  various  species  of  Zygnema 
or  Spirogyra,  found  in  almost  every  pool  of  fresh 
water  at  different  times  in  spring  and  summer, 
ffford  the  readiest  illustrations  of  conjugation, 
which  low  powers  of  the  microscope  suffice  to 
exhibit.  These  green  threads  when  magnified 
are  seen  to  consist  of  single  rows  of  cylindrical 
cells  joined  end  to  end.  The  cells  being  all 
alike  and  equally  capable  of  conjugation,  each  is 
as  it  were  an  individual  At  a  certain  season, 
a  protuberance  appears  on  the  corresponding 
parts  of  certain  cells  of  two  adjacent  threads; 
the  budding  growth  omtinues  until  the  two 
come  into  contact;  the  intervening  walls  are 
then  absorbed,  opening  a  free  communication 
between  the  cavities  of  the  two  cells ;  mean- 
while the  green  matter  and  protoplasm,  before 
arranged  in  some  definite  shape  in  each  species 
(more  commonly  in  one  or  more  spiral  bands), 
l»eak  up  into  a  granular  mass  floating  in  the 
water  of  the  cell ;  this  all  passes  over  from  one 
cell  to  the  other,  — sometimes  to  the  one  plant  and  sometimes  to  the 
other  in  adjacent  cells,  —  and  is  mingled  with  the  similar  contents  of 
the  cell  which  receives  it ;  and.  the  united  product  is  condensed  into 
a  green  protoplasmic  mass,  which,  acquiring  a  coat  of  cellulose,  be- 
comes a  new  cell  or  spore,  in  due  time  germinating  into  a  new  plant 

657.  In  reproduction  by  conjugation,  the  two  cells  or  individuals 
concerned  are  alike ;  one  is  as  much  the  fertilizer  or  the  fertilized 
as  tl^  other.  But  the  dear  distinction  of  sexes  which  all  the  higher 
Cryptogamous  no  less  than  Phienogamous  plants  exhibit,  is  also  mani- 
fested in  those  of  the  simplest  structure,  viz.  in  plants  consisting  of 
ain^e  cells,  or  of  rows  or  clusters  of  similar  and  essentially  inde- 
pendent cells.    That  is,  even  these  afford  examples  of 

no.  086.  MagnMfid  fUm  of  two  eooJagftUng  illainente  of  Zygaaaa^  showing  all  the  stegM 
•r  ttM  pnweM  by  whteb  th»  oellt  ftom  two  flkmeiita  form  eaeh  »  eomspoodiog  protnbcnuioe, 
thi»n  eooM  into  oontaet,  tb*  intervaiiDg  walls  mn  absorbed,  and  tba  oontenU  pass  fhn  ono 
e«U  Sato  tbe  otbnr,  condense,  acquire  an  inreethig  membrane,  and  so  form  a  spore :  the  stages 
•«•  igpraseuUd  ftom  abore  downwards ;  a  completed  spot*  is  seen  at  the  bottom,  on  th«  tight 


Digitized  by 


Google 


334  BEPSODUCTIOK  IN 

658.  Direct  Fertiliiatioii  of  Spom  by  SpematoioMi  Am  wsi  iifk- 

ridiam ;  the  latter  answering  to  the  anther,  or  essential  part  of  the 
stamen,  of  Phsenogamous  plants.  Cohn  *  has  shown  that  etea 
Vol  vox  —  an  undoubted  vegetable,  consistuig  of  microscopic  one- 
celled  plants  of  rounded  form,  grouped  into  a  spherical  cokmy-^his 
a  true  sexual  propagation,  like  that  of  the  higher  green  Algse,  some 
of  the  individuals  or  cells  of  the  sphere  producing  antkeridia  or  fer- 
tilizing cells,  while  others  produce  apores,  or  bodies  which  become 
such  on  being  fertilized  bj  the  andieridia,  which  alone  renders  them 
capable  of  germination*  A  good  general  idea  o£  bisexual  reproduction 
in  the  simplest  Algae  may  best  be  obtained  frool  a  brief  abstrsctof 
wliat  has  lately  been  discovered  by  Pringsheim  and  Cohn  in  two  or 
three  common  species  of  comparatively  easy  investigation. 

659.  Yaucheria  is  a  genus  of  several  species  of  green  Algse,  eoo- 
sisting  of  simple  but  indefinitely  branching  cells  (Fig.  89).  In  fruc- 
tification, the  whole  contents  of  the  more  or  less  ^ilarged  extremity 
of  some  of  the  branches,  or  of  a  special  projection  from  the  side 
of  the  cell,  separate  from  the  general  contents  of  Ihe  plant,  coo- 
dense  into  a  globular  green  mass  (Fig.  89  o),  and  become  a  spore, 
which  at  length  escapes  by  a  rupture  of  the  walls  (Fig.  90),  moves 
freely  about  in  the  water  for  some  hours,  then  fixes  itself,  iMid  ger- 
minates, elongating  directly  into  a  thread-like  and  at  length  brandt- 
ing  plant,  like  the  parent  Here  there  appeare,  and  was  generally 
thought  to  be,  reproduction  without  fecundation.  Yaucher,  however, 
more  than  half  a  century  ago,  noticed  one  or  more  hom-6hi4>ed  pio- 
jections  in  the  vicinity  of  the  spore4)earing  portion,  \9hich  he  tos- 
pected  to  be  the  analogues  of  the  anther*  l^othing  had  been  fboiid 
to  verify  this  view  until  the  year  1854,  when  Pringsheim,  of  Beriin, 
discovered  the  fecundation  and  verified  this  conje<^re.  The  hom- 
shaped  body  is  an  oMtheridiumy  or  the  analogue  of  the  anther.  It 
produces  myriads  of  extremely  minute  corpuscles,  of  oblong  shape, 
and  furnished  with  a  bristle  or  cilia  at  each  end,  by  the  vibratioD  of 
which  they  move  fveely  in  the  water.  These  are  Mpermaiagoidi  (so 
called  from  their  obvious  resemblance  to  the  spermatozoa  of  aai- 
mals),  and  the  analogues  of  pdlen.  At  the  proper  time  the  anthe- 
ridium  bursts  at  the  summit,  and  discharges  the  spermatozoids ;  at 
this  time  the  wall  of  the  projection  which  contains  the  spore  likewise 
opens;  numbers  of  the  free-moving  spermatozoids  find  their  way 

•  la  Gmpte9  lUtiduB,  rol.  43,  1856,  and  Aim.  &i  ^^  scr.  4,  toL  6,  p.  3S1 

Digitized  by  VjOOQIC 


CBTPTOGAMOCS  OR  FLOWKBLESS  PLANTS.  S35 

iat9  the  opening  and  into  contact  with  the  forming  Bpore,  or  even 
penetrate  its  substance ;  it  being  an  amorphous  mass,  coated  with 
protoplasm  only.  But,  as  a  consequence  of  fecundation  by  one  or 
more  spermatozoids,  a  wall  of  cellulose  is  presently  formed  on  its 
surface,  converting  it  into  a  proper  specialized  cell  or  spore.* 

660.  .^dogonium  is  a  genus  of  simple  Algie  of  the  G>nferTa  tribe, 
consisting  of  a  row  of  cylindrical  cells  placed  end  to  end,  as  in  Fig. 
639.  Some  of  these  cells,  usually  shorter  than  the  rest,  become 
tumid,  and,  without  conjugation,  have  their  whole  green  contents 
transformed  into  a  spore  resembling  that  of  Zygnema  (Fig.  635) 
and  Yaucheria  (Fig.  dO).  The  fertilization  of  this  spore  has  re- 
cently been  discovered  by  Pringsheim.t  He  ascertained  tlmt  other 
cells  of  the  same  little  plant  produce  a  great  number  of  minute 
ovoid  bodies,  which  he  names  Androspares :  these  escape  by  the 
opening  of  the  mother  cell,  moving  about  freely  by  the  vibration  of  a 
•crown  of  cilia  attached  near  the  smaller  end.  One  or  more  of  these 
androspores  fix  themselves  by  the  smaller  end  upon  the  surface  of 
the  cell  in  which  a  large  ordinary  spore  is  forming,  or  in  the  vicinity, 
and  germinate  there,  growing  longer  and  narrower  at  the  point  of 
attachment,  while  near  the  free  end  a  cross  partition  forms,  and  some- 
times another,  making  one  or  two  small  cells ;  this  is  the  true  anthe- 
jidium ;  for  in  it  a  crowd  of  spermatozoids  are  formed,  also  endowed 
with  motivity  by  means  of  vibratile  cilia.  Now  the  top  of  the  anr 
theridium  falls  ofi*  as  a  lid,  the  spermatozoids  escape ;  the  spore-cell 
at  this  time  opens  at  the  top ;  one  of  the  spermatozoids  enters  the 
opening,  its  pointed  end  foremost ;  this  becomes  stationary  upon  or 
slightly  penetrates  the  surface  of  the  young  spore,  into  which  its 
contents  are  probably  transferred,  by  rupture  or  by  endosmosis,  and 
a  coat  of  cellulose  is  then,  but  not  till  then,  deposited  upon  it,  conv- 
pleting  its  organisation  as  a  spore.  This  spore,  as  in  the  preceding 
cases,  in  due  time  germinates,  and  grows  directly  into  a  plant  like 
the  parent  But  in  Bolbochsete,  according  to  Pringsheim,  and  in 
Sphsroplea,  as  investigated  by  Cohn4  ^he  spore  in  germination 
<xmverts  its  contents  by  successive  division  into  a  large  number  of 
small,  oval  or  oblong  bodies,  furnished  with  two  long  cilia  on  a  short 


*  Pringsheiniy  in  the  Proceedings  of  the  Royal  Academy  of  Sciences,  Berlin, 
March,  1S55,  and  Ann.  Sci.  Nat,  ser.  A,  vol.  3,  p.  363. 
t  Op,  ttqtra  at,  Kay,  1S36,  and  Ann,  Sci,  Nat.  ser.  4,  vol.  5,  p.  250. 
t  Op,  tvpra  cit.  May,  1855,  and  Ann,  Sci  Nat  L  c.  p.  186,  pi.  12, 13. 
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beak  at  one  end,  and  which  from  their  extreme  resemblance  to  ani- 
malcules and  their  lively  movements  are  called  Zoospores.  And 
these  zoospores  germinate  by  elongation  and  the  formation  of  trans- 
verse partitions  into  adult  thread-like  plants,  consisting  of  a  row  of 
cells.  The  whole  contents  of  the  cells  of  some  adult  individuals  of 
Sphteroplea  are  formed  into  large  green  spores,  as  yet  without  a  coat ; 
those  of  different  individuals  give  rise  to  mjTiads  of  slender  gperma- 
tozoids,  moving  by  means  of  a  pair  of  cilia  fixed  at  the  narrow  end. 
These  escape  from  the  parent  cell  through  a  small  perforation  which 
now  appears,  enter  the  spore-bearing  cells  of  the  fertile  plant 
through  a  similar  perforation,  play  around  the  spores,  and  at  length 
one  or  more  of  them  drives  its  pointed  extremity  into  their  naked 
surface ;  after  which,  fertilization  being  accomplished,  a  thick  coat 
of  cellulose  is  deposited  to  complete  the  spore. 

661.  That  in  the  Fucaceas  or  olive-green  Seaweeds,  the  highest 
tribe  of  Algae,  the  large  spores  are  fecundated  by  spermatozoids,  or 
minute  lively-moving  cells  produced  in  antheridia,  was  demonstrated 
by  Thuret  in  the  year  1850.*  And  in  more  recent  memoirs  f  he 
has  shown  that  the  fertilization  takes  place  through  direct  contact  of 
the  spermatozoids  with  the  naked  surface  of  the  unimpregnated  spore, 
then  having  only  a  protoplasmic  coating ;  and  that  these  spores  will 
not  develop  unless  so  fertilized.  Through  the  researches  of  Thuret 
and  others,  anthendia  are  now  well  known  in  the  remaining  or 
rose-red  series  of  Algae,  although  their  spermatozoids  are  not  known 
to  be  endowed  with  motivity.  The  same  appears  to  be  the  case  with 
Lichens,  the  bodies  described  by  Itsigsohn,}  being  probably  of  the 
nature  of  spermatozoids  or  fertilizing  cells.  In  the  vast  family  of 
Fungi  there  are  similar  indications  of  antheridia  and  spermatozoids, 
but  the  fecundation  is  not  yet  clearly  made  out 

662.  FerUlization  by  Spermatozoids  of  a  Cell  in  a  Pistilidinm,  vhieh 

beeomes  a  Sporangiam*  In  all  the  foregoing  cases,  the  spores  them- 
selves are  the  subjects  of  direct  fertilization.  But  in  Mosses, 
Liverworts,  &c  (in  which  the  two  kinds  of  organs  have  long  been 
recognized  and  their  functions  to  some  extent  understood),  the 
contents  of  the  antheridium  act  upon  an  organ  wliich,  in  conse- 


♦  Ann.  Set,  Nat,  ser.  8,  vol  14  and  16,  1850-1.     See  BMrrry,  Nenit  Dor^ 
Amer,  in  Smitlisonian  Cotitributiont,  1852,  &c. 
t  Op.  cit.  ser.  4,  vol.  2  and  3,  1854,  1855. 
I  In  Botani$cfie  Zeitung,  1850. 
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i]uence  of  fertilization,  develops  into  a  sort  of  pod,  the  Sporangium 
or  Spore-casej  filled  with  a  multitude  of  spores  which  receive  no  in* 
dividual  fecundation;  this  organ,  horn  its  general  analog/  to  the 
pistil,  has  been  termed  a  PisHUidium.     The  antheridia  of  Mosses 
and  the  like  occur  either  in  the  axils  of  the  leaves,  or  collected 
into  a  head  at  the  summit  of  the  stem.     They  are  found  either 
in  the  same  heads  as  the  pistillidia,  or  in  distinct  heads  on  the 
same  individuals   (monoecious),  or  on  separate  individuals  (dioe- 
cious).     The  antheridium   (Fig.    1307)   is  merely  a   cylindrical 
or  club-shaped  sac,  composed  of  a  single   layer   of  cells,  united 
to  form  a  delicate  membrane;   within   which  are   developed  vast 
numbers  of  minute,  very  delicate  cells,  completely  filling  the  sac 
The  sac  bursting  at  its  apex  when  mature,  the  delicate  vesicles 
are  discharged.     Each  of  these  contains  a  slender  filament,  thick- 
ened at  one  end  and  tapering  off  to  ^  fine  point  at  the  other :  it  may 
be  seen  through  the  transparent  waUs,  spirally  coiled  up  in  the  interior 
of  each  vesicle.     When  these  vesicles  are  extruded  in  watef  under 
the  microscope,  the  contained  filaments  may  be  seen  to  execute  lively 
movements,  wheeling  round  and  round  in  the  vesicle,  or,  when  dis« 
engaged  from  the  latter,  and  assuming  a  corkscrew  form,  at  the  same 
time  advancing  forward,  the  thin  end  of  the  filament  almost  always 
preceding.      Minute  observation,  which  is  very  difiicult,  both  from 
the  rapidity  of  the  motion  (which,  however,  is  arrested  by  poisons) 
and  from  the  great  delicacy  of  the  whole  structure,  shows  that  the 
movements  arise  from  two  long  and  extremely  delicate  cilia,  attached 
to  the  tapering  end  of  Uie  filament.     These  are  the  spermatozoids, 
or  true  fertilizing  organs.     The  pistillidia  (Fig.  1306),  which  ap- 
pear at  the  same  time  as  the  antheridia,  and  often  mixed  with  them, 
are  flask-shaped  bodies  (like  an  ovary  in  shape),  with  a  long  neck 
(resembling  a  style),  composed  of  a  cellular  membrane.    The  neck 
is  perforated  by  an  open  canal,  leading  to  a  cavity  below,  at  the  base 
of  which  a  single  cell  is  the  germ  of  the  future  sporangium  or  spare" 
case.     Upon  this  the  spermatozoids,  or  spiral  filaments  of  the  an^ 
theridia,  act,  one  or  more  of  them  reaching  it  by  finding  their  way 
down  the  canal  of  the  pistillidium.     Then  this  cell  commences  a 
special  development,  divides  into  two,  and  proceeds  by  ordinary  cell- 
multipHcation  to  build  up  the  sporangium  or  capsule,  in  which  a 
countless  number  of  minute  spores  are  produced.     The  spores  of 
Mo9ses  are  formed  in  the  same  way  as  pollen-grains,  which  they 
much  resemble  in  structure,  being  single  cells  with  a  double  coat,  of 
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vhich  the  inner  is  the  true  cell-wall,  and  the  outer  a  sort  of  secre* 
lion  from  it  In  germination,  the  inner  or  proper  membrane  of  the 
spore  swells,  and  protrudes,  £rom  any  part  of  its  surface  fayorably 
situated,  a  tubular  process,  which  forma  partitions  as  it  elongates 
and  branches,  giving  rise  to  what  has  been  fancifully  named  a  fro- 
tmbryo^  or,  better,  a  prothaUuiy  —  a  rudimentary  plantlet  very  unlike 
a  Moss,  but  closely  resembling  a  brismched  Conferva,  consisting^  as 
it  does,  merely  of  ramified  threads,  or  rows  of  cells.  After  a  time 
certain  cells  of  its  various  branches,  taking  a  special  development, 
produce  buds,  which  are  soon  covered  with  a  tufi  of  rudimentary 
leaves,  and  grow  up  into  the  leafy  stems  of  the  pa:fected  plant.  Here 
a  single  spore  —  or  rather  a  peculiar  transitory  plantlet  deyeloped 
from  it  —  gives  rise  at  mice  to  a  number  of  individuals.  And  in 
fecundation  it  is  not  the  spores  themselves  that  are  fertilized,  but 
a  cell  which  by  its  development  gives  origin  to  a  spore-case,  and  this 
to  a  rast  number  of  spores.* 

663.'  Fertilization  of  a  Cell  of  a  Prolhalliu,  or  peenliar  gpmiDatiog 
Plantlet,  vUeh  tberenpon  defdops  into  a  Plant.    This  most  extraordi- 
nary mode  of  fecundation  has  recently  been  discovered  in  the  Ferns 
and  other  of  the  higher  Cryptogamous  orders.    The  fructification  of 
Ferns  consists  of  spore-cases  alone,  which  are  borne  on  the  back, 
margins,  or  some  other  part  of  their  leaves  (Fig.  1287-1294),  and 
are  filled  with  spcnnes  resembling  those  of  Mosses.    Since  Mosses  have 
Ibng  been  known  to  have  organs  answering  in  function  to  stamens, 
as  well  as  those  answering  to  pistils,  and  since  Ferns  are  regarded 
as  plants  of  higher  rank  than  Mosses,  their  antheridia  were  diligent- 
ly sought  for  upon  the  fructifying  plants,  but  in  vain ;  and  botaoists 
were  therefore  forced  to  the  unwilling  conclusion,  that  the  highest 
organized  of  Cr^-ptogamous  plants  were  asexuaL     But  antheridia, 
essentially  like  those  of  Mosses,  have  been  at  length  detected,  not  upon 
the  mature  and  fructifying  plant,  but  upon  the  germinating  plantlet 
The  germination  of  the  spores  of  Ferns  had  long  since  been  ob- 
served.    The  process  begins  in  the  same  manner  as  in  Mosses ;  but 
the  extremity  of  the  tubular  prolongation  of  the  spore,  converted 
by  partitions  into  a  row  of  cells^  is  developed  into  an  expanded,  leaf- 
like body  (the  prihembryoj  or  proihaUus  as  it  is  now  called),  which 

*  The  fullest  acconnt  is  by  Hofmeister,  Verglei<^€nde  Ufdenuchmiffen  der 
Keimung,  Ettt/altuitg^  und  Fruchtbildvmg  Hoherer  Kryptogawun,  etc — Loipflic, 
1851. 
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Oh  a  small  fecale  resembles  a  frondose  Liverwort.  *  Hpon  Ihis  lyodyif 
JyTageli,  in  1844,  found  moving  spind  filaments,  like  those  of  the  an* 
Iheridia  of  Mosses,  &c  This,  as  Henfrej  remarks,  ^seemed  to 
destroy  all  grounds  for  the  assumt>tion  of  distinct  sexes,  not  onlj  in 
ihe  Ferns,  but  in  the  other  Crjptogamia ;  for  it  was  ai^ed  that  the 
existence  of  these  cellular  organs  producing  moving  spiral  filaments 
(the  so-called  spermatozoa)  upon  the  germinathig  fronds,  proved  that 
thej  were  not  to  be  regarded  as  in  anj  way  comected  with  the 
reproductive  processes.  But  an  essay  published  by  the  Count 
Suminskl  in  1848  totally  changed  the  &ce  of,  the  question."  On 
the  mider  side  of  the  delicate,  Marchantia-like,  germinating  frond, 
Suminskl  found  a  number  of  cellular  oi^gans  of  two  distinct  kmds, 
answering  to  antheridia  and  pistillidia.  The  former,  which  are  the 
more  numerous,  are  cells  elevated  on  the  surface  of  the  germinating 
frond,  in  the  cavity  of  which  are  formed  other  cells,  filled  with 
minute  vesicles  containing  each  a  spiral  filament  coiled  up  in  its  in- 
terior. The  organ  bursts  at  its  summit,  and  discharges  the  vesicles 
in  a  mucilaginous  mass;  the  spiral  filaments  moving  within  the 
vesicles  at  length  make  their  way  out  of  them  and  swim  about  in 
the  water.  These  filaments,  or  spermatozoids,  resemble  those  of 
]tf osses,  bat  are  flat  and  ribbon-like,  as  in  Chara,  and  possesar  accords 
ing  to  Suminski  about  six,  according  to  Thuret  numerous  cilia,  by 
whose  vibrations  they  are  nroved.  The  pistillidia,  if  they  may  be 
-so  called,  are  rounded  cavities  in  the  cellular  tissue  of  the  same  body^ 
opening  on  the  under  side,  in  the  bottom  of  which  is  a  single  glob- 
ular cell,  from  which  the  future  growth  proceeds.  One  or  more  of 
the  active  spermatic  filaments,  liberated  by  the  bursting  of  the  an* 
tberidia,  have  been  found  to  enter  the  open  pistillidium,  and  to  come 
to  rest  and  then  wither  away  in  contact  with  this  speeialized  celL 
The  latter  now  develops  into  a  hud,  or  embryo,  as  it  may  perhaps 
be  termed,  which  grows  in  the  ordinary  way,  produdng  an  abbrevir 
ated  axis,  sending  roots  downward  and  leaf  after  leaf  upwards ;  and 
so  producing  the  mature  Fern.*  And,  as  most  Ferns  are  perennial 
plants,  they  produce  year  afler  year  their  fructification  (consisting 

*  The  English  reader  U  referred  to  Henfrey's  Traoslatlon  of  Mohl's  Anatomjf 
and  Ph^iwlofif  of  the  Vegetable  CtU;  and  Henfrey's  Report  on  the  Reproductioi^ 
ffnd  ntppoeed  ExUtence  of  Sexual  Organe  in  the  higher  Crgptogamous  Plants,  in  the 
Keport  of  the  British  Association  for  the  Advancement  of  Science,  for  1851; 
reprinted  in  Silliman's  Journal,  Vol.  U  and  15 ;  from  which  &e  above  aooomit 
tiae  been  condensed.  , 
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merelj  of  spores  in  spore-cases),  without  any  known  limit,  and  with- 
out anj  other  fecundation  than  that  which  occurred  at  first  upon  the 
germinating  plantlet. 

664.  In  Ferns,  accordingly,  it  is  not  the  sporangium  that  is  fer^ 
tiCzed,  still  less  the  spores,  but  a  cell  of  a  peculiar  transitory  plant* 
let  formed  by  the  germination  of  a  spore.  This  cell  otherwise  will  nol 
develop  at  all ;  but  when  thus  fecundated,  it  develops  like  a  bnd,  and 
grows  into  a  plant  of  indefinite  longevity,  capable  of  fructifying  by  a 
true  parthenogenesis  (571)  throughout  its  long  existence.  This  U 
also  known  to  be  the  case  with  Equisetacese ;  and  the  Lycopodia* 
ceffi  or  Club-Mosses  and  other  vascular  Cryptogamous  Plants  aro 
thought  to  have  analogous  fecundation,  although  the  details  as  yet 
are  not  well  made  out. 


CHAPTER    XIII. 

OF  THE  SPONTANEOUS  MOVEMENTS  AND  VrTAUTY  OF  PLANTS. 

665.  The  facts  brought  to  view  in  the  preceding  chapter,  namely, 
that  either  the  spores  or  the  fertilizing  corpuscles  or  filaments  of 
most  Cryptogamous  plants  of  every  order  are  temporarily  endowed 
with  motivity,  naturally  rabes  the  inquiry  whether  such  phenomena 
are  altogether  exceptional  in  the  vegetable  kingdom,  or  whether  the 
power  of  executing  movements  is  not  a  general  endowment  of  plants 
as  well  as  of  animals,  although  in  lesser  degree.  As  we  pass  in  re- 
view the  various  phencHnena  exhibited  by  plants  in  this  respect,  and 
at  the  same  time  consider  that  self-caused  motion,  internal  or  exter- 
nal, or  the  faculty  of  directing  motion,  is  a  necessary  concomitant  of 
life,  we  shall  probably  arrive  at  the  conclusion,  that  this  surprising 
activity  of  the  microscopic  spores  and  spennatozoids  of  Cryptogamous 
plants  is  not  altogether  anomalous,  —  that  these  are  merely  more 
vivid  manifestations  of  a  power  which  they  share  with  ordinary  vege- 
tables,—  that  plants  are  endowed  with  life  no  less  really  than  ani- 
mals,—  that  the  distinction  between  plants  and  the  lower  animals  in 
this  respect  is  one  of  degree  rather  than  of  kind, — and  that  it  is  a 
characteristic  of  living  things  to  move. 
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666.  The  Special  Diieetions  which  the  parts  of  all  plants  assume  are 
the  result  of  self-caused  movements,  although  such  movements  are 
mostly  much  too  slow  to  be  directly  observed.  Among  these  the 
most  universal  are  the  descent  of  the  root  in  germination,  the  ascent 
of  the  stem  into  the  light  and  air,  and  the  turning  of  branches  and 
the  upper  surface  of  leaves  towards  the  light  (120,  131,  294). 
These  directions  evidently  are  not  the  result  of  mere  growth.  It  is 
not  that  the  root  grows  downwards  and  the  stem  upwards  ;  but  the 
root  end  of  the  elongating  radicle  bends  or  curves  in  the  course  of 
its  growth  so  as  to  point  downwards  if  not  already  in  that  position, 
and  the  other  extremity,  with  the  plumule,  curves  upwards,  and  the 
young  stem,  afler  reaching  the  light,  if  unequally  illuminated,  bends 
towards  the  stronger  light. 

667.  Strenuous  attempts  have  been  made  to  explain  these  changes 
of  direction  upon  mechanical  principles.  Mr.  Knight  thought  that 
the  descent  of  the  root  and  the  ascent  of  the  stem  were  caused  by 
gravitation ;  and  he  seemed  to  show  this  by  his  celebrated  experin 
ments  of  removing  germinating  seeds  from  the  influence  of  gravita- 
tion, and  causing  the  root  and  stem  to  take  a  different  direction  in 
obedience  to  a  different  force.  He  fixed  some  beans  ready  to  ger- 
minate in  a  quantity  of  moss  upon  the  circumference  of  a  wheel,  and 
made  it  to  revolve  vertically  at  a  rapid  rate  ;  replacing  the  effect  of 
gravity  by  centrifugal  force.  On  examination,  afler  some  days,  the 
young  root  was  found  to  have  turned  towards  the  circumference,  and 
the  stem  towards  the  centre  of  the  wheel.  The  same  result  took 
place  when  the  wheel  was  made  to  revolve  horizontally  with  con- 
siderable rapidity ;  but  when  the  velocity  was  moderate,  the  roots 
were  directed  obliquely  downwards  and  outwards,  and  the  stems 
obliquely  upwards  and  inwards,  in  obedience  both  to  the  centrifugal 
force  and  the  power  of.  gravitation,  acting  at  right  angles  to  each 
other.  It  remained  for  Mr.  Knight  to  explain  how  the  same  force, 
gravitation,  could  produce  such  opposite  effects,  causing  the  stem  to 
ascend  as  well  jis  the  root  to  descend.  This  he  ingeniously  at- 
tributed to  their  different  mode  of  growth.  The  root  growing  at  its 
extremity  only,  he  supposed  that  the  sofl  substance  of  the  growing 
point  would  be  acted  upon  by  gravity  like  an  imperfect  solid,  and 
accumulated  on  the  lower  side;  while  the  stem,  growing  by  the 
elongation  of  an  intemode  or  a  series  of  intemodes  already  formed,  its 
solid  tissues  would  be  unaffected  by  gravity,  which  could  affect  only 
its  nutritive  juices,  causing  their  accumulation  on  the  lower  side  of  a 
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stem  out  of  the  perpendicnlar  line ;  which  side,  thus  more  activelj 
nourished,  would  grow  more  vigorouslj  than  the  upper,  and  bo  caoaa 
the  stem  to  turn  upwards.  To  show  how  haseless  this  ii^nioaa 
hypothesis  is,  we  have  only  to  remember,  on  the  one  hand,  that  the 
fluid  contents  of  the  cells  of  plants  arrange  themselyes  in  obedience 
to  other  forces  than  gravity,  and  freely  rise  against  its  influence  to 
the  summit  of  the  lofUest  trees,  so  that  gravity  could  establish  no 
difference  within  the  diameter  of  a  germinating  stem ;  and  on  the 
other,  that  the  root  in  germination,  if  ^td  upon  its  snr&ce,  will  pen* 
etrate  a  fluid^  of  greater  weight  than  itself,  such  as  mercury.  More- 
over, Schuha  and  Mohl  have  shown  that,  by  careful  management  in 
reversing  the  ordinary  conditions, — ^as  by  germinating  seeds  in 
damp  moss,  so  arranged  that  the  only  light  they  could  receive  was 
reflected  from  a  mirror^  which  threw  the  solar  rays  upon  them  directly 
from  below, — the  ordinary  direction  of  the  organs  could  be  reversed^ 
the  roots  turning  i^ywards  into  the  dark  and  damp  moss,  and  the 
stems  downward  into  the  light.  This  would  prove  that  light  has 
more  effect  than  gravitation,  or  any  other  imaginable  influence  of  the 
mass  of  the  earth*  Yet^ —  what  shows  that  there  is  8<nne  real  relation 
between  the  direction  assumed  by  the  plant  and  the  earth, — stems 
which  grow  in  complete  darkness  always  point  to  the  zenith,  as  is 
seen  in  the  shoots  of  vegetables  in  perfectly  dark  cellars,  and  in  the 
elongated,  constantly  upright  stemlet  of  germinating  seeds  too  deei^y 
buried  to  receive  any  light  before- they  reach  the  surface  of  the  s<ttL 

668.  The  influence  of  a  mass  in  some  way  analogous  to  attract 
tion  is  also  observed  in  the  germination  of  the  Mistletoe.  Its  form- 
ing root  turns  regularly  to  the  trunk  or  branch  upon  which  it  is 
parasitic,  just  as  those  of  ordinary  phmts  turn  to  the  earth.  And 
that  it  is  the  mass  and  not  the  quality  of  the  body  which  determines 
the  direction,  is  seen  when  germinating  seeds  of  the  Mbtletoe  are 
fixed  dose  to  the  surface  of  a  cannon-ball :  all  the  roots  as  they 
grow  point  to  its  centre  and  advance  to  its  surface,  just  as  they  da 
to  the  branch  of  a  tree  which  they  penetrate. 

669.  When  the  stem  has  emerged  from  the  earth  into  the  light  of 
day,  this  exerts  a  controlling  influence  over  its  direction.  Youi^ 
and  green  stems  always  tend  to  expose  themselves  as  much  as  possi- 
ble to  the  light,  and  bend,  very  promptly  when  delicate,  towards  the 
most  illuminated  side,  as  is  well  observed  when  plants  are  raised  ia 
an  apartment  lighted  from  a  single  aperture :  and  consequently  in 
the  open  air,  being  equally  illuminated  on  all  sides,  they  grow  up- 
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tifjtA.  De  Condolle  attempted  a  mechanical  explanation  of  this 
bending  of  green  stems  towards  the  light,  connecting  it  with  assimi'> 
lation  and  growth.  He  supposed  that,  as  the  side  upon  which  the 
light  strikes  will  fix  most  carbon  by  the  decomposition  of  carbonic 
acid  (34  C—  348),  so  its  tissue  will  solidify  faster,  and  therefore  elon- 
gate less,  than  the  shaded  side  (which  will  become  drcnofi,  as  the 
gardener  terms  it) ;  and  the  stem  or  branch  will  necessarily  bend 
towards  the  shorter  or  illuminated  side.  But  when  the  light  is 
equallj  diffused  around  a  plant,  the  decomposition  of  carbonic  acid 
will  take  place  uniformly  on  all  sides,  and  the  perpendicular  direc- 
tioa  naturally  be  maintained  Two  facts  at  once  demolish  this  in- 
genious theory.  1.  It  is  now  well  known  that,  under  the  solar 
spectrum,  the  decomposition  of  carbonic  acid  in  the  green  parts  of 
plants  is  ^ected  chiefly  by  the  most  luminous  rays,  that  is,  by  yellow 
light,  aind  next  to  this  by  orange  and  red ;  whereas  the  bending  is 
ationgest  under  the  violet  and  blue  rays,  the  yellow  producing  little 
curvature,  and  the  red  none  at  alL  2.  When  a  stem  curved  under 
the  light  is  split  fiom  the  apex  downwards,  so  as  to  separate  the 
iUnminated  from  the  shaded  side,  the  former  curves  more  than  be- 
fore, while  the  latter  tends  to  stnughten, —  showing  that  it  was 
pidled  over  by  the  contraction  of  the  concave  side,  and  not  pushed 
over  by  its  own  greater  growth.  From  all  this  it  clearly  appears 
that  the  tinming  of  parts  towards  the  light,  and  the  oth^r  special' 
directions  of  plants,  are  independent  of  growth,  and  apparently  are 
«fiected  by  some  inherent  power.  At  least,  they  have  thus  far 
proved  no  more  susceptible  of  mechanical  explanation  than  the  more 
marked  movements  of  animals. 

670.  In  leaves  it  is  the  denser  and  deeper  green  upper  surface 
(262)  that  is  presented  to  the  light,  while  the  paler  lower  surface,  of 
looser  tissue,  avoids  it.  The  recovery  of  the  natural  position,  when 
the  leaf  is  artificially  reversed,  is  the  more  promptly  effected  in  pro- 
portion to  the  difference  in  structure  and  hue  between  the  two  strata. 
This  movement  is  so  prompt  in  some  plants,  that  their  leaves  follow 
the  daily  course  of  the  sun.  The  leaf  is  more  capable  of  executing 
such  movements,  on  account  of  its  extended  surface,  and  its  pliancy, 
and  also  on  account  of  its  usual  attachment  by  an  articulation. 
Here  the  slender  vascular  bundles  of^se  little  resistance  to  lateral 
motion,  while  the  soil  and  usually  cellular  enlargement  favors  it^ 
Indeed,  the  eflicient  cause  of  the  movement  appears  to  be  exerted 
here,  and  to  be  connected  with  the  unequal  tension  or  turgescence  of 
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the  cells  t)n  the  two  siaes.  We  might  therefore  expect  more  prooipt* 
aod  obvious  changes  of  position  in  leaves  than  in  stems.  Familiar 
examples  of  the  kind  are  met  with  in  the  altered  noctmnal  posidon 
of  the  leaves^  &c  of  manj  plants  (often  dro(^ng,  or  Iblded  as  if  in 
repose),  which  Linnteus  designated  by  the  fanciful  name  of 
'  671.  The  8kq»  of  nanto.  This  is  well  seen  in  the  foliage  of  the 
Locust  and  of  most  Leguminous  plants,  and  in.-  those  of  Oxalis,  or 
Wood-SorreL  It  is  most  striking  in  the  leaflets  of  compound  leaves. 
The  nocturnal  position  is  various  in  different  species,  but  miiform  in 
the  same  species,  showing  that  the  phenomenon  is  not  mechanical 
Nor  is  it  a  passive  st^e,  for,  instead  of  drooping,  as  do  those  of  the 
common  Locust-tree,  the  leaflets  are  very  commonly  turned  upwards, 
)is  those  of  Honey-^Locust,  or  upwards  and  forwards,  as  in  the  Sensi- 
tive-Plant, contrary  to  the  position  into  which  they  would  fall  finm 
their  own  weight  De  CandoUe  found  that  most  plants  could  he 
made  to  acknowledge  an  artificial  day  and  night,  by  keeping  them  in 
darkness  during  the  day,  and  by  illuminating  artificially  at  night 
The  sensibility  to  light  appears  to  reside  in  the  petiole,  and  not  in 
the  blade  of  the  leaf,  or  leaflet ;  for  these  movements  are  simOarlj 
executed,  when  nearly  the  whole  surface  of  the  latter  is  cut  away. 

672.  The  leaves  of  the  blossom  also  assume  various  positions, 
according  to  the  intensity  and  duration  of  the  light  Many  expand 
their  blossoms  in  the  morning  and  close  them  towards  evening, 
never  to  be  opened  again,  as  those  of  Cistns,  Portulaca,  and  Spider- 
wort  ;  while  others,  like  the  Crocus,  close  when  the  sun  is  idA- 
drawn,  but  expand  again  the  following  morning.  On  the  other  hand, 
the  Evening  Primrose,  Silene  noctiflora,  ^.  unfold  their  petals  at 
twilight,  and  close  at  sunrise.  The  White  Water-Lily  (Nymphaea) 
expands  in  the  full  light  of  day,  but  uniformly  closes  near  the  mid- 
dle of  the  aflemoon,  and  is  then  usually  withdrawn  beneath  the  sur- 
face of  the  water.  The  Moming-Glory  opens  at  the  dawn ;  the 
Lettuce,  and  most  Cichoraceous  plants,  a  few  hours  later,  but  close 
under  the  noonday  sun ;  the  Mirabilis  is  called  Four-o'clock,  because 
opening  nearly  at  that  hour  in  the  afternoon,  and  it  closes  the  next 
morning ;  and  so  of  other  species,  —  each  having  its  own  hour  or 
*  amount  of  light  in  which  its  blossoms  open  or  close.  Berthelot  men- 
tions an  Acacia  at  Teneriffe,  whose  leaflets  regularly  dose  at  sunset 
and  unfold  at  sunrise,  while  its  flowers  close  at  sunrise  and  unfold 
at  sunset  Although  these  movements,  both  in  leaves  and  blossoms, 
are  undoubtedly  dependent  on  the  light,  they  are  by  no  means  directly 
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governed  by  it.  The  so-called  sleep  of  the  common  Sensitive  Plant, 
for  instance,  begins  just  before  sunset,  but  its  waking  frequently  pre* 
cedes  the  dawn  of  day ;  showing  that  it  is  not  the  mere  amount  of 
the  light  which  gOTems  the  position,  in  the  manner  of  a  mechanical 
power.* 

673.  geitibte  loTemcBti  from  Irritition.  All  the  changes  of  posi- 
tion already  described  —  like  those  of  the  hands  of  a  clock  or  of 
the  shadow  on  a  dial' — are  too  slow  for  the  motion  to  be  directly 
seen.  But  a  greater  exaltation  apparently  of  this  common  faculty 
Is  observed  in  the  leaflets  of  various  Leguminous  plants,  especiaUy 
of  the  Mimosa  tribe,  which,  when  roughly  touched,  assume  their 
peculiar  nocturnal  posidon,  or  one  like  it,  by  a  visible  and  sometimes 
a  rapid  movement.  The  Sensitive  Plant  of  the  gardens  (Mimosa 
pudica)  is  a  familiar  instance  of  the  kind,  suddenly  changing  the 
position  of  its  leaflets  on  being  touched  or  jarred,  and  applying 
them  one  over  the  other  close  upon  the  secondary  petiole ;  if  more 
strongly  irritated,  the  secondary  petioles  also  bend  forward  and 
approach  each  other,  and  the  general  petiole  itself  sinks  by  a  bend- 
ing at  the  articulation  with  the  stem.  Similar  although  less  vivid 
irritability  is  shown  by  the  Mimosa  strigillosa  and  the  Schrankia  of 
the  Southern  States,  where  the  leaflets  promptly  fold  up  when 
brushed  with  the  hand.  The  most  remarkable  instance  of  the  kind, 
however,  is  presented  by  another  native  plant  of  the  United  States, 
the  Diomea  musdpula,  or  Yenus's  Fly-trap  (Fig.  297,  298)  ;  in  which 
the  touch  even  of  an  insect,  alighting  upon  the  upper  surface  of  the 
outspread  lamina,  causes  its  sides  to  close  suddenly,  the  strong 
bristles  of  the  marginal  fringe  crossing  each  other  like  the  teeth  of 
a  steel-trap,  and  the  two  surfaces  pressing  together  with  considerable 
force,  so  as  to  retain,  if  not  to  destroy,  the  intruder,  whose  struggles 
only  increase  the  pressure  which  this  animated  trap  exerts.  This 
most  extraordinary  plant  abounds  in  the  damp,  sandy  savannas  in 
the  neighborhood  of  Cape  Fear  River,  from  Wilmington  to  Fayettc- 


*  The  odors  of  flowers,  also,  are  sometimes  given  off  continually-,  as  in  the 
Orange  and  the  Violet,  or  flowers  may  nearljr  lose  their  fragrance  daring  the  heat 
of  mid-daj,  as  in  most  cases ;  while  others,  such  as  Pelai^ninm  triste,  Hcsperis 
tristis,  and  most  dingy  flowers,  which  are  almost  scentless  during  the  day,  ex- 
hale a  powerful  fragrance  at  night.  The  night-flowering  Cereus  grandiflorus 
emits  its  powerful  fragrance  at  intervals ;  sudden  emanations  of  odor  being 
given  off  about  every  quarter  of  an  hour,  during  the  brief  period  of  Ae  expan- 
sion of  the  flower. 
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TiUe,  North  Carolina,  whare  it  is  exceediagiy  abundant;  but  it  ia 
not  elsewhere  found. 

674.  A  familiar,  although  less  striking,  instance  of  the  same  kind 
is  seen  in  the  stamens  of  the  common  Barberry,  which  are  so  excit' 
able,  that  the  filament  approaches  the  pistil  with  a  sudden  jerk,  when 
touched  with  a  point,  or  brushed  by  an  insect,  near  the  base  on  the 
inner  side.  The  object  of  this  motion  seems  plainly  to  be  the  dis« 
lodgement  of  the  pollen  from  the  cells  of  the  anther,  and  its  projec" 
tion  upon  the  stigma.  But  in  the  Dionesa  it  is  difficult  to  oonoeive 
what  end  is  subserved  by  the  capture  of  insects.  In  a  species  of 
Stylidium  of  New  Holland,  not  uncommon  in  conserratcmes,  the 
column,  consisting  of  the  united  stamens  and  styles,  is  bent  over  to 
one  side  of  the  corolla ;  but  if  slightly  irritated,  it  instantly  springs 
over  to  the  opposite  side  of  the  flower.  These  are  among  the  more 
remarkable  cases  of  the  kind,  but  by  no  means  the  only  ones. 
Anatomical  investigation  brings  to  view  no  peculiarity  in  the  struc- 
ture of  such  plants  which  might  explain  these  movements.  Some 
other  movements,  which  have  been  likened  to  these,  are  entirely 
mechanical ;  as  that  of  the  stamens  of  Kalmia,  where  the  ten  an- 
thers are  in  the  bud  received  into  as  many  pouches  of  the  mono- 
petalous  corolla,  and  are  carried  outwards  and  downwards  when  the 
corolla  expands.  In  this  way  the  slender  filaments  are  strongly  re- 
curved, hke  so  many  springs ;  until  at  length,  when  the  anthers  are 
liberated  by  the  fuU  expansion  of  the  corolla,  or  by  the  touch  of  a 
large  insect  or  other  extraneous  body,  they  fly  upwards  elastically, 
projecting  a  mass  of  pollen  in  the  direction  of  the  stigma. 

675.  The  twining  of  stems  round  a  support,  and  the  coiling  of 
tendrils,  are  attributed  by  Mohl  to  a  dull  irritability ;  and  this  is  the 
most  plausible  explanation  that  has  been  offered.  The  inner  side, 
which  becomes  concave  and  has  smaller  cells,  is  in  this,  as  in  other 
cases,  the  irritable  portion.  When  a  foreign  body  is  reached,  a 
contraction  of  this  side  causes  the  tendril  partially  to  embrace  the 
support :  this  brings  the  portion  just  above  into  contact  with  it, 
which  is  in  like  manner  incited  to  curve ;  and  so  the  hold  is  secured, 
or  the  twining  stem  continues  to  wind  around  the  support  In  ten- 
drils this  irritability,  propagated  downward  along  the  concave  side, 
would  appear  to  cause  its  contraction,  which  throws  the  whole  into 
a  spiral  coil,  or,  when  fixed  at  both  ends,  into  two  opposite  spiral 
coils,  thus  approximating  the  growing  stem  to  the  supporting 
body. 
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676.  In  all  these  canes,  wlietlier  of  slow  or  rapid  change  of  posi^ 
tioD,  the  immediate  canse  of  the  movement^  however  incited,  must 
be  either  the  shortening  of  the  eells  on  the  concave  side,  or  their 
elongation  on  the  convex  side.  The  &ct  that  stems  cnrved  towards 
the  light  tend  to  curve  still  more  when  the  convex  side  is  cut 
away  (669)  points  to  a  contraction  of  the  cells  on  the  concave  side 
as  the  cause  of  the  curvature.  The  elaaticallj  bursting  pods  of  the 
Balsam  or  Touch-me-not  (Impatiene),  Ae*  confirm  this  view.  Hera 
the  valves  of  the  capsule  curve  inwards  veiy  strongly  when  liber-f 
aied  in  dehiscence ;  and  that  this  is  owing  to  the  shortening  of  the 
cells  of  the  inner  layer,  and  not  to  the  enlargement  or  turgescence  of 
those  of  the  thick  outer  layer,  is  readily  shown  by  gently  paring 
away  the  whole  outer  portion  before  dehiscence ;  for  the  inner  layer 
when  liberated  still  incurves  and  rolls  itself  up  as  strongly  as  before* 
The  short  valves  at  the  summit  of  the  pod  of  Echinoicystis  slowly 
curve  outwards  in  dehiscence ;  here  the  cells  of  the  outer  layer  of 
the  valve  are  longer  and  narrower  than  those  of  the  inner,  and 
the  latter  are  stretched  and  torn  in  opening ;  so  that  here  the  con* 
traction  of  the  cells  on  the  side  which  becomes  concave  is  undoubt* 
edly  the  cause  of  the  movement.  And  since  muscular  movements 
are  ejected  by  the  contraction  of  the  cells  which,  placed  end  to  end, 
compose  a  muscular  fibril,  we  may  suspect  that  vital  movements 
generally,  both  in  vegetables  and  in  animals,  are  so  far  analogous, 
that  they  are  brought  about  in  the  same  general  way,  viz.  by  the 
shortening  of  cells.  Even  the  opening  and  closing  of  the  stomata 
of  the  leaves  (268)  appear  to  be  controlled  by  the  vital  force,  and 
to  be  effected  by  a  self-caused  change  in  the  form  of  the  guardian 
cells.  How  the  light,  or  external  irritation,  or  any  other  influence, 
acts  in  inciting  this  change  of  form  of  the  cells  of  some  part  of  a 
plant,  we  know  no  more,  and  no  less,  than  we  know  how  a  nerve,  or 
an  electrical  current,  acts  upon  a  muscle  of  an  animal  to  bring 
about  the  contraction  or  diai^  of  shape  of  its  component  cells. 
If  animals  make 

677.  gpontaBcooi  or  Antomitie  loTemeits,  so  also  do  some  planu 

execute  brisk  and  repeated  movements  irrespective  of  extraneous 
force,  or  even  of  extraneous  excitation,  and  which,  indeed,  are  ar- 
rested by  the  touch.  An  instance  of  such  spontaneous  and  contin- 
ued motion,  of  the  roost  remaikable  kind,  is  iumished  by  the  trifoli- 
olate  leaves  of  Desmodium  gyrans,  an  East-Indian  Leguminous  plant 
The  terminal  leaflet  does  not  move,  except  to  change  from  the 
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diurnal  to  tlie  nocturnal  position,  and  the  contrary ;  but  the  lateral 
ones  are  continually  rising  and  falling,  both  day  and  night,  by  a  sue* 
cession  of  little  jerks,  like  the  second-hand  of  a  time-keeper ;  the 
one  rising  while  tlie  other  falls.  Exposure  to  cold,  or  cold  water 
poured  upon  the  plant,  stops  the  motion,  which  is  inunediately  re- 
newed by  warmth.  The  late  Dr.  Baldwin  is  said  by  Nuttall  to 
have  witnessed  the  same  thing  in  our  own  Desmodium  cuspidatum, 
in  Georgia;  but  the  observation  has  never  been  confirmed.  In 
several  tropical  Orchideous  plants,  and  especially  in  a  species  of 
Megaclinium,  the  lower  petal,  or  hbeUumy  executes  similar  spontane- 
ous movements,  with  great  freedom  and  pertinacity.  Such  pheoom- 
ena,  occurring  as  they  do  in  Phaenogamous  plants  of  ordinary  struc- 
ture may  serve  to  render  more  credible  the  true  vegetable  character 
of  the 

678.  Free  DoTemenb  of  the       m  ^  ^ 

Bporei  of  AlgSj  and  the  cor- 
puscles or  spiral  filaments  of 
the  antheridia  of  most  Cryp- 
togamous  plants,  already  re- 
ferred to  (059  -  663).  The 
spores  of  most  of  the  lower 
Algse  are  now  known  to  ex- 
hibit this  peculiar  activity 
at  the  time  of  their  discharge 
from  the  parent  cell,  when, 
for  some  moments,  or  usual- 
ly for  several  hours,  they 
behave  like  infusory  ani- 
mals, executing  spontaneous 
movements  in  the  water, 
until  they  are  about  to  ger- 
minate. This  singular  move- 
ment was  first  detected  many 
years     ago    in    Vaucheria 

FIG.  686.  Vraitlof  end  of  a  plant  of  Vancheria  gemlnata  (after  Thiii«t) ;  om  of  the 
branebea  stlU  eootalning  Its  •pore.  687.  Movlnf  spore  Jott  ceeapM  horn  the  aptx  of  tkt 
oChar  branch ;  tha  eUlaiy  appantns  Men  orer  the  whole  euHhee.    68&  Spore  in  fenninatioa. 

FIO.  689-642.  Bucoeadre  eteps  in  the  germination  of  (Edogoniom  (Confanra)  nekam, 
618.  The  plant  developed  into  a  Mriee  of  eelle,  four  of  which  diipley  the  raeeeerive  etepe  In  the 
ftmnatlon  of  a  epore.  644.  The  looomodTe  epore  with  ite  ilbraCile  dSa  (copied  from  Tfaent). 
When  the  movement  ceaace,  and  it  begins  to  germinate.  It  appears  as  In  639.  (Tbs  anUisflifia 
or  fertilising  apparatus  of  these  plants  were  not  known  wlien  these  flguzes  were  maiWi  ) 
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'(Fig.  89^  636).  Immediately  on  its  discharge  from  the  mother 
plant  the  spore  begins  to  move  freely  in  the  water,  and  continues  to 
do  so  for  some  hours,  when  it  fixes  itself  and  begins  to  grow  (Fig. 
638).  Its  movements,  moreover,  like  those  of  the  antheridial  fila* 
ments  or  corpuscles,  may  be  enfeebled  or  arrested  by  the  application 
of  a  weak  solution  of  opium  or  chloroform.  Through  these  means 
it  lias  been  ascertained  that  they  are  caused  by  the  vibrations  of 
minute  cilia  which  cover  the  surface,  which  are  rendered  visible 
by  thus  enfeebling  their  movement,  and  which  exhibit  the  closest 
resemblance  to  the  vibratile  cilia  of  animals,  especially  those  of  the 
polygastric  animalcules.  In  the  0)nferva  tribe  generally  the  vibra- 
tile cilia  occupy  one  end  of  the  spore,  and  are  in  some  cases  numer- 
ous (as  in  Fig.  644),  in  others  only  two  or  three  in  number.  The 
spores  are  small,  and  of  about  the  same  specific  gravity  as  the  water 
in  which  they  live,  so  that  a  slight  force  sufiices  to  propel  them. 

679.  locomotion  of  Adalt  lieroseopie  Plants.    The  spores  of  Yau* 

cheria  and  the  like,  becoming  quiescent  before  germination,  grow 
into  fixed  thread-like  plants  of  considerable  size,  endowed  with  no 
greater  degree  of  motivity  than  ordinary  vegetables.  A  multitude 
of  still  simpler  Algae,  however,  swarm  in  every  pool  or  stream,  so 
minnte  in  size  as  to  be  individually  totally  invisible  to  the  naked 
jeye  (most  of  them  when  full  grown  are  very  much  smaller  than  the 
spores  of  Yaucheria,  &c.)  ;  and  these  are  endowed,  even  at  maturity^ 
with  such  powers  of  locomotion  that  their  vegetable  character, 
although  now  well  made  out,  was  long  in  question  on  this  account 
alone.  Of  this  kind  are  the  various  species  of  Oscillaria  (Fig.  84), 
so  named  from  the  writhing  movement  they  exhibit,  the  Desmidi- 
aceec,  to  which  Closterium  (Fig.  631)  belongs,  and  the  nearly 
allied  Diatomacese, — the  lowest,  minutest,  and  the  most  freely 
moving  of  plants,  but  clearly  members  of  the  vegetable  kingdom 
notwithstanding.  These  execute  free  movements  of  translation,  in 
some  cases  slow,  in  others  rapid;  but  the  mechanism  of  the  motion 
is  still  unknown. 

680.  Not  only,  therefore,  do  plants  generally  manifest  impressi- 
bility or  sermtivenea  to  external  agents,  and  execute  more  or  less 
decided,  though  slow,  movements ;  but  many  species  of  the  higher 
grades  exhibit  certain  vivid  motions,  either  spontaneous  or  in  conse- 
quence of  extraneous  irritation ;  while  the  lowest  tribes  of  aquatic 
plants,  as  they  diminish  in  size  and  in  complexity  of  organization, 
habitually  execute,  at  some  period  at  least,  varied  spontaneous  move- 
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ments,  which  we  are  unable  to  distinguish  in  character  from  those  of 
the  lowest  animals.  It  is  at  their  lowest  confines,  accordingly,  that 
the  vegetable  and  the  animal  kingdoms  approach  or  meet,  and  even 
seem  to  blend  their  characters. 

681.  When  we  consider  that  the  excitability  of  sensitive  pkmti 
is  often  transmitted,  as  if  by  a  sort  of  sympathy,  from  one  part  to 
another;  that  it  is  soon  exhausted  by  repeated  excitation  (as  is 
certainly  the  case  in  Dionsea,  the  Sensitive-Plant,  &c.),  to  be  re* 
newed  only  after  a  period  of  repose ;  that  all  plants  require  a 
season  of  repose ;  that  they  consume  their  products  and  evolve  heat 
under  special  circumstances  with  the  same  results  as  in  the  animal 
kingdom  (Chap.  YII.) ;  that,  as  if  by  a  kind  of  instinct,  the  various 
organs^  of  the  vegetable  assume  the  positions  or  the  directions  most 
favorable  to  the  proper  exercise  of  their  functions  and  the  supply  of 
their  wants,  to  this  end  surmounting  intervening  obstacles ;  when 
we  consider  in  this  connection  the  still  more  striking  cases  of  ^xm- 
taneous  motion  that  the  lower  Algse  exhibit;  and  that  all  diese 
motions  are  arrested  by  narcotics,  or  other  poisons, — the  narootie 
and  acrid  poisons  even  producing  effects  upon  vegetables  respectivelj 
analogous  to  their  different  effects  upon  the  animal  economy ;  we 
cannot  avoid  attributing  to  plants  a  vitality  and  a  power  of  '^  making 
movements  tending  to  a  determinate  end,"  not  different  in  nature^ 
perhaps,  from  those  of  the  lowest  animals.  Probably  life  is  essen- 
tially  the  same  in  the  two  kingdoms ;  and  to  vegetable  life  faculties 
are  superadded  in  the  lower  animals,  some  of  which  are  here  and 
there  not  indistinctly  foreshadowed  in  plants. 

682.  The  essential  differences  between  plants  and  animals  were 
enumerated  at  the  commencement  of  this  work  (16),  and  have  been 
iUustrated  in  its  progress.  Distinct  as  are  the  general  structure 
and  the  offices  of  the  two  great  kinds  of  organized  beings,  it  is  stiH 
doubtful  whether  the  discrimination  is  absolute,  or  whether  the 
functions  of  the  vegetable  and  the  animal  may  not,  in  some  micro- 
soopic  organisms,  be  imposed  upon  the  same  indiTiduaL 
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683.  Ix  the  preceding  chapters  plants  have  been  considered  in 
view  of  their  structure  and  action.  And  when  different  plants  have 
been  referred  to  and  their  diversities*  noticed,  it  has  been  in  eluci- 
dation of  their  morphology,^ — of  the  exuberantly  varied  forms  or 
modiiications  under  which  the  simple  common  plan  of  vegetation  is 
worked  out,  as  it  were,  in  rich  detail.  The  vegetable  kingdom,  that 
IS,  vegetation  taken  as  a  great  whole,  presents  to  our  view  an  inv- 
mense  number  of  different  kinds  of  plants,  mcfre  or  less  resembling 
each  other,  more  or  less  nearly  related  to  each  other.  It  is  the 
object  of  Ststeiultic  Botant  to  treat  of  plants  as  members  of  a 
system,  or  orderly  ports  of  a  whole,  —  and  therefore  to  consider 
them  as  to  their  kinds^  marked  by  differences  and  resemblances,  and 
to  contemplate  the  relations  wliich  the  kinds,  or  individual  members 
of  the  great  whole,  sustain  to  each  other.  To  tliis  end  the  botanist 
classifies  them,  so  as  to  exhibit  their  relationships,  or  degrees  of 
resemblance,  and  expresses  these  in  a  systematic  arrangement  or 
chustfication,  —  designates  them  by  appropriate  appellations,  and 
dbtinguishes  them  by  clear  and  precise  descriptions  in  scientific  lau" 
guage ;  so  that  not  only  may  the  name  and  plaoe  in  the  system,  the 
known  properties,  and  the  whole  history  of  any  given  plant,  be  read* 
ily  and  surely  obtained  by  the  learner,  but  likewise  an  interesting 
view  may  be  obtained  of  the  general  scheme  or  plan  of  the  Cre* 
ator  in  the  Vegetable  World. 

684.  Our  present  endeavor  will  be  to  explain  the  general  prin* 
ciples  of  natural-history  classification,  and  the  foundation,  or  fiicts 
in  nature,  upon  which  it  rests,  and  then  cursorily  to  show  how  these 
are  applied  to  the  actual  arrangement  of  the  known  species  of 
plants. 
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CHAPTER    I^ 

OP  THE  PRINaPLES  OP  CLASSIFICATION. 

685.  Plants  and  animals — the  members  of  the  organic  king- 
doms of  nature  —  exist  as  individuals  (13),  of  definite  kinds,  each 
endowed  with  the  characteristic  power  of  producing  like  individuals 
and  so  of  continuing  the  succession.  The  different  sorts  (1.)  are  re- 
produced true  to  their  essential  characteristics  from  generation  to 
generation ;  and  (2.)  they  exhibit  unequal  and  very  various  d^rees 
of  resemblance  or  of  dissimilarity  among  themselves.  These  simple 
propositions  lie  at  the  foundation  of  all  classification  and  system  in 
natural  history.  Upon  the  first  rests  the  idea  of  species  ;  upon  the 
second  that  of  genera^  orders^  and  all  groups  higher  than  species. 

686.  Individaalt.  The  idea  of  individuality  is  derived  from  man 
and  ordinary  animals,  and  thence  naturally  extended  to  vegetables. 
Individuals  are  beings,  owing  their  existence  and  their  characteris- 
tics to  similar  antecedent  beings,  and  composed  of  parts  which 
together  constitute  an  independent  whole,  indivisible  except  by  mu- 
tilation. Individuality  is  perfectly  exemplified  in  all  the  higher  and 
most  of  the  lower  animals,  wliich  multiply  by  sexual  propagation 
only,  and  in  which  the  off^^pring,  or  the  orum,  early  separates  from 
the  parent ;  but  it  is  incompletely  realized  in  those  animals  of  the 
lower  grade  which  are  propagated  by  buds  or  offshoots  as  well  as 
by  ova,  and  where  the  offspring  may  remain  more  or  less  intimately 
connected  with  the  parent.  Still  more  is  this  so  in  plants,  whidi 
in  every  grade  are  or  may  be  propagated  by  buds  or  offi»hoots; 
which  in  vegetation  develop  an  indefinite  number  of  similar  parts ; 
which  produce  branches  like  the  parent  plant,  and  capable  either  of 
continuing  to  grow  in  connection  with  it,  or  of  becoming  independent 
(232).  The  individual  plant,  therefore,  is  evidently  not  a  simple 
and  true  individual  in  the  proper  sense  of  the  word,  —  in  the  sense 
that  an  ordinary  animal  is.  A  kind  of  social  or  corporate  iQdivida<» 
ality  in  the  complex  radiated  animals  of\en  gives  a  certain  limita- 
tion and  shape  to  the  congeries  or  polypidomy  and  in  many  of  them 
even  subordinates  certain  parts  to  the  common  whole,  assigning  to 
them  special  functions  for  the  common  weal :  and  this  is  universally 
and  more  strikingly  the  case  with  plants,  except  the  very  simplest^ 
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So  that  for  practical  purposes,  and  in  a  loose,  general  sense,  we 
take  the  whole  plant  as  an  individual,  so  long  as  it  forms  one  con- 
nected mass,  and  no  longer.  But  in  a  philosophical  view  we  cannot 
well  regard  this  congeries  as  the  true  vegetable  individuaL 

687.  Accordinglj  many  botanists  (of  whom  are  Thouars  at  the 
b^inning  of  the  present  century,  and  3raun  ♦  at  the  present  day) 
regard  as  the  true  individual  the  shoot,  or  simple  axis  with  its  foli- 
age, &C.,  whether  this  be  the  primary  stem  with  its  roots  implanted 
in  the  soil,  or  a  branch  implanted  on  the  stem.  This  view  simpli- 
fies our  conception  of  a  vegetable,  but  is  itself  open  to  all  the  ol^jec- 
tions  it  raises  against  the  individuality  of  the  plant  as  a  whole.  For 
just  as  the  herb,  shrub^  or  tree  is  divisible  into  shoots  or  series  of 
shnilar  axes,  so  the  shoot  is  divisible  into  similar  component  parts, 
or  phytons  (163),  indefinitely  repeated,  and  which  may  equally  give 
rise  to  independent  plants.  Those  philosophical  naturalists,  there- 
fore, who  find  no  stable  ground  in  this  position,  are  forced  towards 
one  of  two  opposite  extremes.  Some,  justly  viewing  sexual  repro- 
duction as  of  the  highest  import,  are  led  to  regard  the  whole  vege- 
tative product  of  a  seed  as  theoretically  constituting  one  individual, 
whether  the  successive  growths  remain  united,  or  whether  they  form 
a  thousand  or  a  million  of  vegetables,  as  may  oflen  happen.  Ac- 
cording to  this  view,  all  the  Weeping-Willow  trees  of  this  country 
are  parts  of  one  individual ;  and  most  of  our  Potato  plants  must  be- 
long to  one  multitudinous  individual,  while  others  wholly  similar,  but 
freshly  grown  from  seed,  are  each  individuals  df  themselves ;  —  a 
view  which  apparently  amounts  to  an  absurdity  in  terms  and  in  fact. 
Others,  following  out  the  idea  mentioned  above,  and  laying  the  main 
stress  upon  simplicity  and  indivisibility,  rather  than  upon  tendency 
to  separation,  regard  the  phyton  in  ordinary  plants,  and  the  cell  in 
those  of  lowest  grade,  as  on  the  whole  best  answering,  in  the  vege- 
table kingdom,  to  the  simple  individual  in  the  animaL  But  this  is 
merely  a  question  of  greater  or  less  analogy.  For  the  individual,  in 
the  proper  sense  of  the  term,  is  more  or  less  confluent  into  a  vegeta- 
tive cycle  in  all  plants,  and  in  many  of  the  lower  animals,  and  attains 
full  realization  only  in  the  higher  grades  of  organized  existence. 


*  See  hit  elaborate  treatise,  On  the  VegetahU  Individual  in  its  Relation  to  Specim 
(of  which  a  translatioa  from  the  German,  by  C  F.  8tone»  was  published  in  the 
American  Journal  of  Science  and  the  Arts,  vols.  19  and  20,  1855),  for  the  com- 
pletest  development  of  this  view,  and  for  the  history  of  the  subject  generally. 
30* 
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688.  But,  whatever  it  may  be  which  we  practically  or  philosophi- 
callj  regard  as  the  vegetable  indiridual,  it  is  evident  that  plants  as 
well  as  animals  occnr  in  a  continued  saccession  of  organisms  or 
beings  which  stand  in  the  relation  of  parent  and  offspring.  Each 
particular  sort  is  a  chain,  o€  which  the  individuals  are  the  links. 
To  this  chain,  or  (as  expressed  by  Linnieus)  this  perennial  succti^ 
sion  of  tndivtdtuUty  the  natural-historian  applies  the  name  of 

680.  Species  (14).     Every  one  knows  that  the  several  sorts  of 
plants  and  animals  steadily  reproduce  themselves,  or,  in  other  words, 
keep  up  a  succession  of  essentially  similar  individuals,  and  under 
favorable  circumstances  increase  their  numbers.     Each  particular 
kind  of  cultivated  plant  or  domesticated  animal  is  represented  before 
our  eyes  in  a  mass  of  individuals,  which  we  know  from  observation 
to  a  certain  extent,  and  from  necessary  inference,  have   sprung 
from  the  same  stock.    And  commoii  observation  has  led  people 
everywhere  to  expect  that  the  different  sorts  will  continue  true  to  ^ 
their  kind,  or  at  least  to  pondude  that  the  different  sorts  of  plants 
or  of  animals  do  not  shade  off  one  into  another  by  insensible  gnida* 
tions,  like  the  colors  of  the  rainbow,  as  would  have  been  the  case  if 
there  were  not  distinct  kinds  at  the  beginning,  and  if  their  distinc- 
tions were  not  kept  up,  unmingled,  and  transmitted  essentially  un- 
altered, from  generation  to  generation.     So  we  naturally  assume  that 
the  Creator  establbhed  a  definite,  although  a  vast,  number  of  types 
or  sorts  of  plants  and  animals,  and  endowed  them  with  the  faculty 
of  propagation  each  after  its  kind ;  and  that  these  have  so  continued 
unchanged  in  all  their  essential  diaracteristics.     Out  of  these  gen- 
eral observations  and  conceptions  the  idea  of  species  must  have  origi- 
nated ;  from  them  we  deduce  its  scientific  definition.    Namely,  that 
the  species  is,  abstractly,  the  type  or  original  of  each  sort  of  plant, 
or  animal,  thus  represented  in  time  by  a  perennial  succession  of  like 
'  individuals,  or,  concretely,  that  it  is  the  sum  of  such  series  or  con- 
geries of  individuals ;  and  that  all  the  descendants  of  the  same  stock, 
and  of  no  other,  compose  one  species.    And,  conversely,  as  we  can 
'  never  trace  back  the  genealogy  far,  we  naturally  infer  community 
of  origin  from  fraternal  resemblance ;  that  is,  we  refer  to  the  same 
species   those   individuals  which  are  as  much  alike  as  those  are 
which  we  know  to  have  sprung  from  the  same  stock.* 

♦  We  vat  the  word  stock  Adriiiedly,  (and  in  one  of  its  proper  meanings,  thst 
of  the  original  or  originals  of  a  UneagcJ  to  avoid  the  assertion  or  denial  of  ths 
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€90.  Specifie  identitj  is  not  of  course  inferred  from  everj  strongly 
marked  resembUoice ;  for  the  resemblance  may  be  only  that  of  genus, 
and  individuals  so  related  are  inferred  not  to  have  had  a  common 
ori^D.  Nor  is  it  denied  on  account  of  every  difference ;  for  individu- 
als of  the  same  stock  may  differ  considerably;  in  fact,  no  two  plants 
are  exactly  alike,  any  more  than  two  men  are.  Such  differences 
when  they  become  distinctly  marked  give  rise  to 

^L  TarictieSt  If  two  seeds  from  the  same  pod  are  sown  in  dif- 
ferent soils,  and  submitted  to  different  conditions  as  respects  heat, 
light,  and  moisture,  the  plants  that  spring  from  them  will  show 
marks  <^  this  different  treatment  in  their  appearance.  Such  differ- 
ences are  oondnually  arising  in  the  natural  course  of  things,  and  to 
produce  and  increase  them  artificially  is  one  of  the  objects  of  culti- 
vation. Such  variaUons  in  nature  are  transient;  the  plant  often 
outlasting  the  cause  or  outgrowing  its  influence,  or  else  perishing 
from  the  continued  and  graver  operation  of  the  modifying  influ- 
ences. But  in  the  more  marked  varieties  which  alone  deserve 
the  name,  the  cause  of  the  deviation  is  occult  and  constitutional ;  the 
deviation  occurs  we  know  not  why,  and  ^continues  throughout  the 
existence  and  growth  of  the  herb,  shrub,  or  tree,  and  consequently 
through  all  that  proceeds  from  it  by  propagation  from  buds,  as  by  off- 
sets, layers,  cuttings,  grafls,  &c  In  this  way  choice  varieties  of  Ap- 
ples, Pears,  Potatoes,  and  the  like,  are  multiplied  and  perpetuated. 

692.  Since  the  progeny  inherits  or  tends  to  inherit  all  the  char- 
acters and  properties  of  the  parent,  constitutional  varieties  must  have 
a  tendency  to  be  reproduced  by  seed,  —  a  tendency  which  might 
c&ea  prevail,  within  certain  limits,  over  that  general  influence  which 
would  remand  the  variety  to  the  normal  state,  were  it  not  for  the 
commingling  which  so  commonly  occurs  in  nature,  through  the  cas- 
ual fertilixation  of  the  ovules  of  one  individual  by  the  pollen  of  other 
io£vidnals  oi  the  same  species.     By  assiduously  pursuing  the  oppo- 


origin  of  each  species  from  a  single  indiyidaal  or  a  single  pair, — a  question 
wbich  science  does  not  famish  grounds  for  deciding.  It  is  evidently  more 
simple  to  assume  the  single  origin,  where  there  is  no  presomption  to  the  con- 
trar^r,  as  there  may  he  in  the  case  of  trkeckras  or  of  oi;g:aiiically  associated  plants 
or  animals ;  but  the  contrary  supposition  does  not  affect  our  idea  of  species,  if 
ive  suppose  the  originals  to  have  been  as  much  alike  as  individuals  proceeding 
horn  the  same  parent  are,  and  to  have  had  a  common  birthplace.  The  investi- 
gation of  the  geographical  distribution  of  plants  more  and  more  favors  the  idea 
of  the  dissemination  of  each  species  from  a  centre  of  its  own. 
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site  course  in  domestieated  plants,  that  is,  bj  constantly  insniing  tlie 
fertilization  of  the  ovules  of  a  mariced  variety  by  the  pollen  of  the 
same,  and  by  saving  seed  only  from  soch  <^  the  resulting  progeny  as 
possess  the  desired  peculiarity  in  the  hig^iest  degree,  and  so  on  fcM' 
several  generations,  it  would  appear  that 

698^  RtCMyviz.  varieties  whose  characteristics  are  transmiastUe 
by  seed  with  considerable  certainty,  may  g^ierally  be  produced.    Of 
this  kind  are  the  particular  sorts  of  Indian  Com,  Rye,  CablMge, 
Lettuce,  Radishes,  &e.,  and  indeed  of  nearly  all  our  varieties  of  coki- 
vated  annual  and  Inennial  esculent  plants,  as  well  as  of  several  per- 
ennials, many  of  which  have  heesa  fixed  through  centuries  of  domes- 
tication.   What  is  now  taking  place  with  the  Peach  in  this  countzy 
may  convince  us  that  races  may  be  devel<^>ed  in  trees  as  well  as  in 
heriiB,  and  in  the  same  manner ;  and  that  the  reason  why  most  of 
our  cultivated  races  are  annuals  or  biennials  is  because  these  can 
be  perpetuated  in  no  other  way,  and  because  the  desired  result 
is  obtainable  in  fewer  years  than  in  shrubs  or  trees.     Althongh 
races  hardly  exist  independently  of  man,  he  cannot  be  said  to  origi- 
nate their  pecuHariUes,  nor  is  it  known  how  they  originate.    The 
iparUj  as  the  gardener  calls  them,  appear  as  it  were  accidentally 
in  cultivated  plants.    The  cultivator  merely  selects  the  most  promis- 
mg  sorts  for  preservation,  leaving  the  others  to  their  fate.    By  par- 
ticular care  he  devek^  the  characteristic  feature,  and  strengthens 
and  fixes,  in  the  manner  already  explained,  the  tendency  to  become 
hereditary,  so  securing  the  transmissibility  of  the  variety  as  loog  as 
he  takes  sofi^cient  care  of  it     If  not  duly  cared  fbr,  they  dwindle  and 
lose  their  peculiarities,  gt  else  perish ;  if  allowed  to  imx  with  nonnal 
forms,  they  revert  to  the  common  state  of  the  species.    Were  colti- 
vation  to  cease,  all  these  valued  products  of  man's  care  and  sidU 
would  doubtless  speedily  disappear ;  the  greater  part,  peiiiaps,  would 
perish  outright ;  the  remainder  would  revert,  in  a  few  generatioos 
of  spontaneous  growth,  to  the  character  of  the  primitive  stodk 

694.  Although  man  has  no  power  to  create  the  peculiarities  of 
such  varieties,  he  may  manage  so  as  not  only  largely  to  increase 
them,  but  also  to  combine  the  peculiarities  of  widely  different  varie- 
ties of  a  species,  and  thereby  produce  novel  results*  This  is  effeeted 
by  OroMM'ireeding^  L  e.  by  fertilizing  the  pistil  of  one  variety  widi  the 
pollen  of  another  variety  of  the  same  species.  In  this  way  most 
esteemed  new  varieties  of  flowers  and  fruits  are  originated,  which 
combine  the  separate  excellences  of  both  parents.    The  cultivaUff 
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A  often  proceeds  one  step  farther,  in  certain  casesy  and  gives  rise  to  a 
difierent  kind  of  crossbreeds^  viz. 

695.  Bfbrids*  These  are  cross-breeds  from  different  bat  nearly 
related  species.  It  is  well  known  that,  bj  proper  precautions,  the 
pistil  of  a  flower  of  one  species  may  oflen  be  fertilized  hy  the  poUen 
of  another  of  a  similar  constitotion,  and  that  the  plants  raised  from 
the  seeds  so  produced  combine  the  characters  and  properties  of 
both  par^its.  S<Haie  kinds,  such  as  Azaleas  and  Pelargoniums,  hy- 
bridize very  readily ;  in  others  hybridism  is  eflfected  with  difiicaUy 
between  nearly  related  species.  The  gard^iw  produces  hybrids 
among  most  of  his  favorite  plants,  and  variously  cross-breeds  and 
mingles  them,  so  as  to  confuse  the  limits  of  many  cultivated  species. 
But  in  nature  hybrids  rarely  occur.  Not  more  than  fi^  wild  kinds 
are  dearly  known  as  of  conUnued  or  frequent  occurrence.  Others 
may  perhaps  be  originated  from  time  to  time ;  but  their  existence 
is  transient.  For  hybrids  are  generally^  if  not  always,  sterile,  and 
therefore  incapaHe  of  perpetuation  by  seed.  But  their  ovules  may 
be  fertilized  by  the  pollen  of  eith^  of  their  parents,  when  the 
progeny  reverts  to  that  species,  probably  retaining,  however,  some 
traces  of  the  mixture,  unless  this  should  be  obliterated  by  successive 
fertilizations  from  individuals  of  the  same  parent  spedes.  It  is 
probable  Uiat  cross-fertilization  between  diffisrent  individuals  of  the 
same  spedes  is  msxtt  common  than  is  generally  supposed^  and  that 
it  is  one  of  Nature's  means  for  repressing  variation.  On  the  other 
hand,  continued  self-fertilization  (or  breeding  in  and  in)  is  almost 
sure  to  perpetuate^  as  well  as  &rther  to  develop,  individual  peculiari- 
ties, i.  e.  those  of  variety  <m-  race. 

696.  However  plants  may  be  modified  by  art  and  man's  device, 
the  systematic  botanist  proceeds  upon  the  ground  that  the  distinc- 
tions between  spedes,  whether  small  or  great,  are  real,  cmd  in  nature 
are  permanent, — that  variation,  wide  as  it  may  be,  is  naturally  re- 
stricted within  certain  limits*  And  this  appears  to  be  true.  As  dis- 
tinctions subordinate  to  species  are  in  nature  both  indefinite  and 
transitory,  these,  however  important  to  the  cultivator,  are  of  little 
account  with  the  systematie  botanist 

697.  Species  are  the  true  subjects  of  classificati<m.  And  the  end 
and  aim  of  systematic  botany  is  to  ascertain  and  to  express  their 
relationship  to  each  other.  The  whole  ground  in  nature  for  the 
classification  of  spedes  is  the  obvious  fact  that  species  resemble 
or  differ  frxon  each  other  unequally  and  in  extremely  various  de« 
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grees.  If  this  were  not  so,  or  if  related  species  diflTered  one  fttm 
another  bj  a  constant  quantity,  so  that,  when  arranged  acoor£iig 
to  their  resemblances,  the  first  diflfered  from  the  second  about  as 
much  as  the  second  from  the  third,  and  the  third  from  the  ibartli, 
and  so  on  throughout, — then,  with  all  the  diversi^  in  the  T^[e- 
table  kingdom  there  actnaUy  is,  there  could  be  no  natural  founda- 
tion for  their  classification.  The  multitude  of  species  would  render 
it  necessary  to  classify  them,  but  the  classification  would  be  wholfy 
artificial  and  arbitrary.  The  actual  constitution  of  the  regetal^ 
kingdom,  however,  as  appears  from  observation,  is,  that  some  species 
resemble  each  other  very  closely  indeed,  others  difler  as  widely  as 
possible,  and  between  these  the  most  numerous  and  the  most  varioos 
grades  of  resemblance  or  difference  are  presented,  but  always  with 
a  manifest  tendency  to  compose  groups  or  associations  of  resemblisg 
species, — groups  the  more  numerous  and  apparently  the  less  defi- 
nite in  proportion  to  the  number  and  the  nearness  o£  the  points  of 
resemblance.  These  various  associations  the  naturalist  endeavors  to 
express,  as  far  as  is  necessary  or  practicable,  by  a  series  of  general]- 
aeations,  —  of  which  the  lower  or  particular  are  included  in  the 
higher,  —  based  on  the  more  striking,  or  what  he  deems  the  most 
important  (L  e.  the  most  definite  or  least  excepdonal)  points  of  re- 
semblance of  several  grades.  Linnasus  and  the  naturalists  of  his 
day  mainly  recognized  three  grades  of  association,  or  groups  supe- 
rior to  speciesj  viz.  the  ffenuSj  the  order,  and  the  doss  ;  and  these  are 
still  the  principal  members  of  classification.    Of  these 

698.  Genera  (plural  of  Crentu)  are  the  more  particular  or  special 
groups  of  related  species.  They  are  groups  of  species  which  are 
most  alike  in  all  or  most  respects, — which  are  constrocted,  so  to 
say,  upon  the  same  particular  model,  with  only  drcumstantial  dif- 
ferences in  the  details.  They  are  not  necessarily  nor  generally  the 
lowest  definable  groups  of  species,  but  are  the  lawett  mosi  dearfy 
definable  groups  which  the  botanist  recognizes  and  accounts  wcnlhy 
to  bear  the  generic  name ;  for  the  name  of  the  genus  with  that  of 
the  species  added  to  it  is  the  scientific  appellation  of  the  plant  w 
animaL  Constituted  as  the  vegetable  and  aninial  kingdoms  are,  tbe 
recognition  of  genera,  or  groups  of  kindred  species,  is  as  natural  an 
operation  of  the  mind  as  is  the  conception  of  species  from  the  asso- 
ciation of  like  individuals.  This  is  because  many  genera  are  so 
strongly  marked,  or  at  least  appear  to  be  so,  as  far  as  ordinary  ob- 
servation extends.     Every  one  knows  the  Rose  genus,  composed  of 
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the  Tarious  species  of  Roses  and  Sweetbriers ;  the  Bramble  genus, 
comprising  Raspberries,  &c^  is  popularly  distinguished  to  a  cer- 
tain extent ;  the  Oak  genus  is  distinguished  fix>m  the  Chestnut  and 
the  Beech  genus,  dec:  each  is  a  group  of  species  whose  mutual 
resemblance  is  greater  than  that  of  any  one  of  them  to  any  other 
plant.  The  number  of  species  in  such  a  group  is  immaterial,  and 
in  fact  is  very  diverse.  A  genus  may  be  represented  by  a  single 
known  species,  when  its  peculiarities  are  equivalent  in  degree  to 
those  which  characterize  other  genera,  —  a  case  which  often  occurs  ; 
although  if  this  were  generally  so^  genus  and  species  would  be 
equivalent  terms.  If  only  one  species  of  Oak  were  known,  the  Oak 
genus  would  have  been  as  explicitly  discerned  as  it  is  now  that  the 
species  anumnt  to  two  hundred ;  it  would  have  been  equally  distin- 
guished by  its  acorn  and  cup  from  the  Chestnut,  Beech,  Hazel,  &c. 
Fanuliar  illustrations  of  genera  in  the  animal  kingdom  are  furnished 
by  the  Cat  kind,  to  which  belong  the  domestic  Cat,  the  Catamount, 
the  Panther,  the  Lion,  the  Tiger,  the  Leopard,  dec ;  and  by  the 
Dog  kind,  which  includes  with  the  Dog  the  different  species  of 
Foxes  and  Wolves,  the  Jackal,  &c  The  languages  of  the  most 
barbarous  people  show  that  they  have  recognized  such  group5. 
Naturalists  merely  give  to  them  a  greater  degree  of  precision,  and 
indicate  what  the  points  of  agreement  are. 

690.  If  all  such  groups  were  as  definite  and  as  conspicuously 
marked  out  as  those  from  which  illustrations  are  generally  taken, 
genera  might  be  as  natural  as  species.  But  unfortunately  the  pure- 
ly popular  genera  are  comparatively  few,  and  although  often  cor- 
rectly founded  by  the  unscientific,  yet  they  are  as  frequently  wrongly 
limited,  or  based  upon  fanciful  resemblances.  Popular  nomencla- 
ture, embodying  the  common  ideas  of  people,  merely  shows  that 
generic  groups  are  recognizable  in  a  considerable  number  of  cases, 
but  not  that  the  whole  vegetable  or  the  whole  animal  kingdom  is 
divisible  into  a  definite  number  of  such  groups  of  equally  or  some- 
what equally  related  species.  Whether  this  proves  to  be  so  or  not, 
and  whether  genera  are  actually  limited  groups  throughout,  this  is 
not  the  place  to  consider.  Sufilce  it  to  say,  that  there  is  a  ground 
in  nature  for  genera,  and  that  the  naturalist  is  obliged  to  treat  them, 
far  systematic  purposes,  as  strictly  definite  groups  of  species.  While- 
genera  represent  the  closer  relationships  of  species, 

700.  Orden  or  Families  (as  they  are  interchangeably  called  in 
botany)  express  remoter  relationships  or  more  general  resemblances. 
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They  are  groups  of  kindred  genera,  or  rather  genera  of  a  hi^^ 
grade.  For  example,  Oaks,  Chestnuts,  Beeches,  Hazels,  and  Horn- 
beams constitute  so  man  j  genera,  which,  although  quite  distinct,  have 
so  strong  a  £Eunil7  likeness,  and  are  so  much  alike  in  their  general 
structure  and  properties,  that  they  are  associated  into  one  order  or 
family  group  (the  Oak  family) ;  while  the  Birches  and  the  Alders 
form  another  order  not  very  different  in  character,  and  the  Walnuts 
and  Hickories  another.  So  the  Pines,  Firs  or  Spruces,  Lard^s, 
Cedars,  ^cc^  obviously  related  among  themselves  so  much  more  than 
they  are  to  any  other  genera,  are  members  of  the  Pine  family ;  the 
Bftspberry,  Blackberry,  and  Strawberry,  with  many  others,  are  as- 
sociated with  the  Rose  in  the  Rose  family ;  and  so  on. 

701.  Claim  are  to  orders  what  these  are  to  genera.  They  ex* 
press  more  extensive,  or  the  most  extensive  relaticms  of  species,  each 
class  embracing  all  those  species  which  are  framed  upon  the  same 
general  plan  of  structure,  however  differently  that  plan  may  be 
carried  out  in  particulars.  Thus  all  Exogenous  or  Dicotyledonous 
plants  constitute  one  class,  their  stems,  their  embryo,  their  leaves, 
&C.  being  constructed  upon  the  same  general  plan  in  all  the  specie^ 
while  Endogenous  or  Moncotyledonous  plants  for  the  same  reasois 
compose  another  class. 

702.  The  sequence  of  groups,  rising  from  particular  to  universal, 
is  Species,  Genus,  Order,  Class  ;  or,  in  descending  from  the  univer- 
sal to  the  particular, 

Class, 

Ordbr, 

Gbkus, 

Species. 

703.  These  are  the  common  framework  of  all  methods  of  dassifi* 
cation,  both  in  the  animal  and  the  vegetable  kingdoms.  But  these 
do  not  exhaust  our  powers  of  analysis,  nor  express  all  the  gradatioos 
which  we  may  observe  in  the  relationship  of  species*  They  merely 
gather  up  what  are  deemed  the  most  essential  indications  of  re- 
lationship, and  express  them  under  three  grades  superior  to  speciegy 
which  always  carry  with  them  distinctive  names.  But  a  more  elab- 
orate analysis  is  oflen  requisite,  on  account  of  the  large  number 
•of  objects  to  be  arranged,  and  the  various  degrees  of  relationship 
which  may  come  into  view.  And  these,  when  needful,  are  expressed 
In  a  series  of  intermediate  groups  or  divisions,  which  may  or  may 
not  require  distinctive  names.    Names  for  them  are,  however,  a 
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great  GonTcnience,  especially  for  those  which  are  most  natural  and 
definite.  For  some  of  these  intermediate  groups  may  be  as  dis* 
tinctly  marked  as  are  those  which  we  call  genera  or  orders. 

704.  The  great  advantages  and  proper  use  <^  this  intermediate 
grouping  are,  that  it  secures  all  the  benefits  of  complete  analysis 
without  undue  multiplication  of  genera  and  orders,  and  that,  by  ex« 
tending  the  scale,  more  grades  of  relationship  may  be  noted,  and  the 
whole  expressed  in  our  systems  in  truer  perspective.  Accordingly, 
when  groups  of  species  below  what  we  take  for  genera  are  recog- 
nised, and  found  to  be  so  well  marked  thai  by  a  little  lowering  of 
the  scale  they  would  be  received  as  genera,  they  are  denominated 
Subgenera.  .  If  less  definite,  we  term  them  merely  Seetiang.  For 
example,  J^fruSy  the  Pear  genus,  embraces  Apples,  Pears,  Crab* 
apples  and  the  like ;  and  the  Pear  itself  is  the  type  or  normal  rep* 
resentative.  From  this  the  Apple  and  the  several  species  of  Crab- 
apple  differ  considerably,  but  not  quite  enough  to  warrant  generic 
separation:  they  are  therefore  recognized  as  forming  a  subgenus, 
MjIuSj  of  the  genus  Pyru$.  Again,  the  Bramble  genus,  Buhus,  com* 
prises  both  Raspberries  and  Blackberries,  which,  although  distin- 
guished by  everybody,  are  not  so  much  or  so  definitely  different  from 
each  other  as  Apples  and  Crab-apples  are  from  Pears ;  so  they  are 
ranked  merely  as  sections  of  the  Bramble  genus.  If  we  were  to 
receive  all  such  particular  groups  of  species  as  genera,  and  give  them 
substantive  names,  as  many  naturalists  are  doing,  the  nicer  grada- 
tions of  affinity  would  be  disregarded,  while  genera  would  be  reck- 
oned by  tens  of  thousands ;  at  length  half  our  species  would  become 
genera  with  substantive  names,  and  the  whole  advantage  of  classifi- 
cation and  nomenclature  would  be  lost  The  proper  discrimination 
of  genera  is  the  real  test  of  a  naturalist. 

705.  When  groups  intermediate  between  genera  and  orders  are 
admitted,  they  are  generally  denominated  Tribes,  and  their  divis- 
ions, if  any,  Subtribes.  But  the  highest  divisions  of  orders,  when 
marked  by  characters  of  such  importance  that  it  might  fairly  be 
questioned  whether  they  ouglit  not  to  be  received  as  independent 
orders,  take,  the  name  of  Suborders.  For  example,  the  great 
Bose  fiunily,  as  we  receive  it,  embraces  three  suborders;  one  of 
them  represented  by  the  Plum,  Peach,  Almond,  &c. ;  a  second,  by 
the  Pear,  Quince,  Hawthorn,  and  the  like ;  and  the  third,  by  the 
Bose  itself  and  its  immediate  relatives.  Some  botanists  receive 
these  three  as  so  many  orders :  we  regard  them  as  suborders,  be* 
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cause  of  the  strong  family  likeness  which  pervades  the  whole,  and 
of  the  transitions  between  them.  In  the  larger  of  these  suborders, 
or  the  proper  Rose  fiunilj,  we  recognize  three  tribes :  one  repre- 
sented hj  the  Rose  genus  itself;  one  by  the  Bramble  genus,  with 
the  Strawberry,  Cinquefoil,  Avens,  &c ;  and  the  third  bj  Spiraea 
and  its  near  relations.  And,  again,  the  second  and  larger  of  these 
embraces  genera  which  are  difibrent  enou^  to  be  ranked  under 
several  subtribes. 

706.  Upon  the  same  principles,  groups  may  be  mterposed  between 
the  orders  and  the  classes,  of  which  the  highest  kind  will  take  the 
name  of  Subclasses.  And  even  above  classes  we  have  the  nM»t 
comprehensive  division  of  all  plants  into  a  higher  and  a  lower  grade 
or  Series  (98) ;  which  brings  us  up  to  the  vegetable  Kingd03i, 
one  of  the  three  great  departments  <^  Nature. 

707.  To  exhibit  the  whole  sequence  or  stages  of  natural-history 
classification,  so  that  the  student  may  see  the  reladve  rank  of  groaps, 
designated  by  the  terms  which  have  now  been  explained,  they  are 
here  presented,  arranged  in  a  descending  series,  beginning  with  the 
primary  division  of  ni^ural  objects  into  kingdoms,  and  indicating  by 
gmall  capitals  those  of  fundamental  importance  and  universal  use  in 
classification. 

Kino  nous. 
Series, 

Classes, 

Subclassei, 

Ordebs  or  Fax ILIBS, 
Saborders, 
Tribes, 

Subtribes, 

GSKERA, 

Subgenera, 
Species, 
Varieties, 

Individuals. 

708.  Chaneten.  An  enumeration  of  the  distinguishing  marks,  or 
points  of  difference  between  one  class  or  order,  &c.  and  the  others, 
is  termed  its  character.  Characters  accordingly  properly  embrace 
only  those  points  which  are  common  to  all  plants  of  the  group,  bat 
not  to  the  other  groups  of  the  same  rank.  The  characters  d 
classes,  &c  are  restricted  to  those  general  peculiarities  of  stmctare 
upon  which  these  great  groups  are  establbhed :  the  ordinal  charac- 
ter recites  the  particulars  in  which  the  plants  it  comprises  difo 
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from  all  others  of  the  dase  ;  the  ^enmie  character  enumerates 
those  points  whidi  disthigQish  the  plants  of  the  genus  in  question 
frooi  all  others  of  the  same  order  or  suborder ;  the  ipecific  character 
Bidicates  the  differences  between  species  of  the  same  genus  ;  —  to 
which  in  botanical  works  more  or  less  of  general  deacriptiony  accord- 
ing to  the  ^an  and  extent  of  the  work,  is  generally  added. 

709.  A  complete  system  of  Botany  will  therefore  comprise  a 
methodical  distrihudon  <^  plants  according  to  their  6rganization9 
with  their  characters  arranged  in  proper  subordination  ;  so  that  the 
inTestigation  of  anj  one  particular  species  wiU  bring  to  view,  not 
only  its  name  (which  separately  considered  is  of  little  importance), 
but  also  its  plan  of  structure,  both  in  general  and  in  particular,  its 
relationships,  essential  qualities,  and  whole  natural  history.  The 
classification  and  the  method  of  investigation  in  natural  history  con- 
stitute not  only  the  most  complete  arrangement  known  for  the  col- 
location of  a  vast  amount  of  facts,  but  also  the  best  system  of  prac- 
tical logic ;  and  the  study  exercises  and  sharpens  at  once  both  the 
powers  <^  reasoning  and  of  observation,  more,  probably,  than  any 
other  pursuit  As  a  system  for  collocating  facts  for  convenient  refr 
erence,  a  great  practical  advantage  of  natural  history  is  secured  by 
its  happily  devised 

710.  Binomial  NomeBClatan*  Since  the  time  of  Linmeus,  who  in- 
troduced the  system,  the  scientific  name  of  every  plant  is  expressed 
by  two  words,  viz.  by  the  name  of  its  species  appended  to  that  of 
its  genus,  each  of  a  single  word.  That  of  the  genus,  i.  e.  the  ge-^ 
neric  name,  is  a  substantive ;  that  of  the  species,  or  the  specific 
name,  is  an  adjective  adjunct  The  same  name  is  never  employed 
fi>r  difierent  genera;  the  same  specific  name  is  not  available  for 
more  than  one  species  of  the  same  genus,  but  may  be  used  in  any 
other  genus.  A  few  thousand  names  accordingly  serve  completely 
to  designate  something  like  8,000  genera  and  nearly  100,000  species 
of  plants,  in  a  manner  which  obviates  all  confusion,  and  does  not 
greatly  burden  the  memory.  The  generic  name  of  a  plant  answers 
to  the  surname  of  a  person,  as  Broum  or  Jones ;  the  specific  name 
answers  to  the  baptismal  name,  as  John  or  James,  Thus,  Quercus 
a&a  is  the  botanical  appellation  of  the  White  Oak ;  Quercus  beiiig 
the  substantive  name  for  the  genus,  and  alba  (white)  the  adjec- 
tive name  for  this  particular  species  ;  while  the  Red  Oak  is  named 
Quercus  rubra  ;  the  Scarlet  Oak,  Quercus  eocdnea ;  the  Live  Oak, 
Quercus  virens;  the  Bur  Oak,  Quercus  macroearpa;  and  so  on. 
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The  scientific  names  of  planU  are  all  Latin  or  Ladnixed ;  and  that 
of  the. species  always  follows  that  of  the  genus. 

711.  Generic  names  in  botany  are  derived  from  various  soorces. 
Those  of  plants  known  to  the  ancients  generally  preserve  their  €^a&' 
sical  appellations ;  as,  for  example^  Qttercusy  Foffus^  Oofjluiy  Pnmutj 
Myrtu$j  Violoy  &c     For  plants  since  made  known,  even  their  barba- 
rous names  are  often  adopted,  when  susceptible  of  a  Latm  termina- 
tion, and  not  too  uncouth ;  for  example,  Tkaa  and  OoffcoL,  for  the 
Tea  and  Coffee  plants,  Bcunbuta  for  the  Bamboo^  Tueca^  Negyndo^ 
&C.     But  more  commonly,  new  generic  names,  when  wanted,  have 
been  framed  by  botanists  to  express  some  botanical  character,  habit, 
or  obvious  peculiarity  of  ih»  plants  they  designate ;  such  as  Areno' 
rioj  for  a  plant  which  grows  in  sandy  places;   Dentariny  for  a 
plant  with  toothed  roots ;  Lunanoy  for  one  with  moon4ike  pods ; 
Sanguinarioy  for  the  Bloodroot  with  its  sanguine  juice  ;  CVostuZa, 
for  some  plants  with  remarkably  thick  leaves.    These  are  kistances 
of  Latin  derivatives ;  but  recourse  is  more  commonly  had  to  the 
Greek  language,  in  which  compounds  <^  two  words  are  much  more 
readily  made,  expressive  of  peculiarities ;  such  as  MenUpermumy  or 
Moonseed ;  Lithospermumy  for  a  plant  with  stony  seeds ;  Jdelanikiumy 
for  a  genus  whose  flowers  turn  black  or  dusky;  £^ndendnimy  for 
certain  Ordiideous  plants  which  grow  upon  trees;  IdnodendroMj 
for  a  tree  which  bears  lily-shaped  flowers,  &c.    Grenera  are  also 
dedicated  to  distinguished  persons;  a  practice  commenced  by  the 
ancients ;  as  Ptfonto,  which  bears  the  name  of  Paeon,  who  is  said  to 
have  employed  the  plant  in  medicine ;  and  JBupkorhitij  ArUndtiOj  and 
Asclepias  are  a)so  examples  of  the  kind.    Modem  names  of  this 
kind  are  freely  given  in  commemoration  of  botanists,  or  of  persons 
who  have  contributed  to  the  advancement  of  natural  history.    Maf' 
nolioy  Bignama,  Lobelia^  and  Lonieercty  dedicated  to  Magnol,  Big- 
non,  Lobel,  and  Lonicer,  are  early  instances ;  Linnmoy  TimmefortiOy 
JusiiiBay  HaUerioj  and  Chymovtciy  bear  the  names  of  the  most  cel- 
ebrated botanists  of  the  eighteenth  century ;  and  at  the  present  day 
almost  every  devotee  of  the  science  is  thus  commemorated. 

712.  Specific  names  are  adjuncts,  and  mostly  a4jective%  adopted 
on  similar  principles.  Most  of  them  are  expressive  of  some  char- 
acteristic or  obvious  trait  of  the  species ;  as,  Magnolia  grtmdifioroj 
the  Large-flowered  Magnolia;  M,  macrophgOoy  the  Large-leaved 
Magnolia ;  JtL  glaueOy  which  has  the  foliage  glaucous  or  whitened 
underneath ;  or  Viola  trieolwy  from  the  three-colored  corolla  of  the 
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Pansy  ;  K  rottratOy  a  remarkably  long-spurred  species ;  K  rotundi* 
foliay  with  rounded  leaves ;   V.  lanceokUOy  with  lanceolate  leaves ; 

V.pedatOy  with  pedately  parted  leaves ;  V,  primukefoliciy  where  the 
leaves  are  compared  to  those  of  the  Primrose ;  add  Fl  pnbeMcenSj 
with  pubesooit  or  hairy  herbage.  Sometimes  the  specific  name  re- 
fers to  the  country  which  the  plant  inhabits  or  was  first  found  iii,  as 

Viola  OanadennSf  the  Canadian  Violet ;  or  to  the  station  where  it 
naturally  grows,  as  V.  palustru  (Marsh  Violet).  Sometimes  it  com- 
memorates the  discoverer  or  describer,  when  it  rightly  takes  the 
genitive  form,  as  Viola  MuhUnbergii^  K  NuitaUii,  &c  When  com- 
memorative names  are  given  merely  in  compliment  to  a  botanist  un- 
connected with  the  discovery  or  history  df  the  plant,  the  adjective  form 
is  preferred ;  as,  Oarex  Torreyanaj  C,  Hookeriana^  &c. :  but  this  rule 
is  not  universally  followed.  Specific  names  are  sometimes  substantive ; 
as,  MdgnaUa  UmhreQoj  Ranunculus  Flammula,  Ifypericum  Sarothraf 
Linaria  Ckfmbalaria,  &c.  (most  of  these  beii^  old  generic  names 
Qsed  as  specific);  when  they  do  not  necessarily  accord  with  the 
genus  in  gender.  These,  as  well  as  all  specific  names  taken  from 
persons  or  countries,  are  to  be  written  with  a  capital  initial  letter. 

713.  Varieties  may  be  designated  by  names  when  they  are  re- 
markable enough  to  require  it.  The  name  of  the  variety,  when 
^ised  at  all,  follows  that  of  the  ^>ecies,  and  is  formed  on  the  same 
plan.  Subgenera  need  to  be  designated  by  names,  which  are  sub- 
stantive, and  on  the  same  principle  as  generic  names.  These  are 
convenient  to  refer  to,  but  are  not  a  part  of  the  proper  name  of 
a  {^ant,  which  is  that  of  the  genus  and  species  only. 

714.  The  names  of  genera  and  species  are  the  same  in  all  botani* 
cal  systems,  and  therefore  are  properly  alluded  to  here.  But  those 
of  orders,  and  all  other  groups  higher  than  genera,  vary  in  plan 
with  the  system  adc^ted.    Classifications  are  of  two  sorts,  viz. 

715.  Naloral  and  Artifieial  Systems*  A  natural  system  carries  out 
in  practice  as  perfectly  as  possible  the  principles  sketched  in  this 
diapter,  arranging  all  known  species  in  groups  of  various  grades  in 
view  of  their  whole  plan  of  structure,  so  placing  each  genus,  tribe, 
c»^er,  ^bc  next  to  those  it  most  resembles  in  all  respects.  An  arti- 
ficial system  arranges  the  genera  by  some  one  character,  or  set  of 
characters,  chosen  for  convenience,  disregarding  other  considerations. 
It  aims  only  to  provide  an  easy  mode  of  ascertaining  the  names  q£ 
plants,  and  does  not  attempt  to  express  their  points  of  resemblance 
generally,  but  serves  nearly  the  same  purpose  as  a  dictionary. 

31* 
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716.  Artificial  systemfi  are  no  longer  used  in  botany,  except  as 
keys  or  helps  in  referring  plants  to  their  proper  groups  in  natural 
arrangements.  Bat  the  celebrated  Artificial  System  of  limusus 
so  long  prevailed,  and  has  exerted  so  great  an  infiuence  over  Che 
progress  of  the  science,  that  it  is  still  desirable  for  the  student  (o 
understand  it  It  will  therefore  be  explained,  after  we  have  ilhi»- 
trated  the  principles  of  the  Natural  System  <^  Botany. 


CHAPTER    II. 

OF  THE  NATURAL  STSTEM  OF  BOTAKT. 

717.  The  object  proposed  by  the  Natural  System  of  Botany  is 
to  bring  together  into  groups  those  plants  which  most  nearly  resem- 
ble each  other,  not  in  a  single  and  perhaps  relatively  unimportant 
point  (as  in  an  artificial  classification),  but  in  all  essential  partica- 
lars ;  and  to  combine  the  subordinate  groups  into  successively  more 
comprehensive  natural  assemblages,  so  as  to  embrace  the  whole 
vegetable  kingdom  in  a  methodical  arrangement  All  the  diarac- 
ters  which  plants  present,  that  is,  all  their  points  of  agreement  or 
difference,  are  employed  in  the  classification ;  those  which  are  com- 
mon to  the  greatest  number  of  plants  being  used  for  the  primary 
grand  divisions ;  those  kss  comprehensive,  ibr  sttb<»dinate  groups, 
&C. ;  so  that  the  character^  or  description  of  each  group,  when  fully 
given,  actually  expresses  the  main  particulars  in  which  the  plants  it 
embraces  agree  among  themselves,  and  difier  fixxn  other  groups  of 
the  same  rank.  This  complete  analysis  being  carried  through  the 
system,  from  the  primary  divisions  down  to  the  species,  it  is  evident 
that  the  study  of  a  single  plant  of  each  group  will  give  a  correct 
general  idea  of  the  structure,  habits,  and  even  the  sensible  pn^f^er- 
ties,  of  the  whole. 

718.  For  it  is  evident  that  the  relationships  of  plants  are  real; 
that  there  is  not  only  a  general  plan  of  vegetation  (with  which  the 
student  has  already  become  familiar),  but  also  a  plan  in  the  relatiom 
which  subsist  between  one  plant  and  another ;  that  the  species  sustain 
to  each  other  the  relation  of  parts  to  a  whole,  —  so  that  this  ^ffhuie^ 
or  vegetable  kingdom,  is  an  organized  system.    And  this  system,  as 
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far  as  omnprehended,  may  be  to  a  good  degree  expressed  in  our 
classification.  This  idea  of  plan  and  system  in  nature  supposes  a 
Planner,  or  a  mind  which  has  ordered  things  so,  with  intelligence  and 
purpose  *,  and  it  is  this  plan,  or  its  evidences  and  results,  which  the 
naturalist  is  endeavoring  to  investigate.  The  botanist,  accordingly, 
does  not  undertake  to  contrive  a  system,  but  he  strives  to  express  in 
a  ckissificntion,  as  well  as  he  can,  the  System  of  Nature,  or,  in  other 
words,  the  Plan  of  the  Creator  in  the  Vegetable  Kingdom. 

719.  **  So  there  can  be  only  one  natural  system  of  botany,  if  by 
the  term  we  mean  the  plan  according  to  which  the  vegetable  crea- 
tion was  called  into  being,  with  all  its  grades  and  diversities  among 
the  species,  as  well  of  past  as  of  the  present  time.  But  there  may 
be  many  natural  systems,  if  we  mean  the  attempts  of  men  to  inter- 
pret and  express  the  plan  of  the  vegetable  creation,  —  systems 
which  will  vary  with  our  advancing  knowledge,  and  with  the  judg- 
ment and  skill  of  different  botanists, — and  which  must  all  be  very 
imperfect.  They  will  all  bear  the  impress  of  individual  minds,  and 
be  shaped  by  the  current  philosophy  of  the  age.  But  the  endeavor 
always  is  to  make  the  classification  a  refiection  of  Nature,  as  far  as 
any  system  can  be  which  has  to  express  such  a  vast  and  ever  in- 
creasing array  of  facts,  and  most  various  and  intricate  relations,  in 
a  series  of  definite  propositions,  and  have  its  divisions  and  subdi- 
visions following  each  other  in  some  fixed  order."  Our  so-called 
natural  methods  must  always  fail  to  give  more  than  an  imperfect 
and  considerably  distorted  refiection,  not  merely  of  the  plan  of  the 
vegetable  kingdom,  but  even  of  our  knowledge  of  it ;  and  every 
fonxk  of  it  yet  devised,  or  likely  to  be,  is  more  or  less  artificial,  in 
some  of  its  parts  or  details.     This  is  inevitable,  because, — 

720.  (1st.)  The  relationships  of  any  group  cannot  always  be  rights 
ly  estimated  before  all  its  members  are  known,  and  their  whole 
structure  understood ;  so  that  the  views  of  botanists  are  liable  to  be 
modified  with  the  discoveries  of  every  year.  The  discovery  of  a 
single  plant,  or  of  a  point  of  structure  before  misunderstood,  has 
sometimes  changed  materially  the  position  of  a  considerable  group 
in  the  system,  and  minor  alterations  are  continually  made  by  our  in- 
creasing knowledge.  (2d.)  The  groups  which  we  recognize,  and  dis- 
tinguish as  genera,  tribes,  orders,  &C.,  are  not  always,  and  perhaps 
not  generally,  completely  circumscribed  in  nature,  as  we  are  obliged 
to  assume  them  to  be  in  our  classification.  This  might  be  expected 
from  the  nature  of  the  case.     For  the  naturalist's  groups,  of  what- 
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ever  grade,  are  not  realiUeSy  but  ideas  ;  their  consideration  involTes 
questions,  not  of  ihing$^  between  which  absolute  distinctions  migfat 
be  drawn,  but  of  degrees  of  resemUance^  which  may  be  expected  to 
present  infinite  gradations.  (3d.)  Although  the  grades  o£  aAinitj 
among  species  are  most  various,  if  not  whoUj  indefinite,  the  nat- 
uralist reduces  them  all  to  a  few,  and  treats  his  genera,  tribes,  && 
as  equal  units,  or  as  distinguished  by  characters  <^  about  equal  rake 
throughout, — which  is  far  from  bemg  the  case.  (4th.)  The  nat- 
uralist in  his  works  is  obliged  to  arrange  the  groups  he  recograces  in 
a  lineal  series ;  but  each  genus,  or  order,  &c  is  very  often  about 
equally  related  to  three  or  four  others ;  so  that  only  a  part  of  die 
relationship  of  plants  can  practically  be  indicated  in  the  pablislied 
arrangement. 

721.  The  natural  system  as  sketched  by  Bernard  and  A.  L.  Jm- 
sieu,  and  improved  by  the  labors  of  succeeding  botanists,  essentially 
consists  of  an  arrangement  of  the  known  genera  according  to  their  af* 
finities  under  two  hundred  or  more  natural  orders,  and  of  these  under 
a  few  great  types  or  classes.  What  is  now  most  wanted  to  complete 
the  system  is  a  truly  natural  arrangement  of  the  orders  und^  the 
great  classes,  like  that  of  the  genera  under  their  respective  orders. 
Until  this  is  done,  the  series  in  which  the  orders  follow  one  another 
in  botanical  works  must  not  be  regarded  as  a  part  of  the  system  of 
nature.  Different  authors  adopt  difierent  modes  of  arranging  diem; 
and  all  of  them  that  a  learner  could  use  are  avowedly  more  or  less 
artifidaL 

722.  Omitting  all  historical  details  and  stat^nents  of  more  or  less 
conflicting  views,  we  will  briefly  sketch  the  outlines  of  the  principal 
divisions  of  the  vegetable  kingdom,  according  to  the  natural  system 
as  we  now  practically  receive  it.  In  explaining  the  principles  of 
classification,  we  proceeded  from  the  individual  to  the  class.  Id  ex- 
amining the  actual  construction  of  the  system  af  botany,  it  is  simpler 
to  regard  the  vegetable  kingdom  as  a  whole,  and  show  how  at  is  nat^ 
uraUy  divided  and  subdivided.  This  is  the  course  a  student  must 
follow  with  an  unknown  plant  before  him,  which  he  wishes  toref&t 
first  to  its  class,  then  to  its  order,  and  finally  to  its  genus  and 
species. 

723.  The  long  and  complex  series,  stretching  from  the  highest 
organized  vegetable  down  to  the  simplest  and  minutest  of  the  Fungi 
and  Algse,  is  most  naturally  divided,  as  we  have  already  seen,  into 
two  parts,  forming  a  higher  and  a  lower  grade  or  series  (98),  y'vu 
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Series  L  Phjenooahous  (or  Phanerogamous)  or  Flower- 
ing Plants  (114, 117),  which  produce  flowers  and  seeds,  the  latter 
containing  a  readj-formed  embi^a 

Series  JL  Crtptooamous  or  Tlowerlbss  Plants  (113, 
117,  651),  whose  organs  of  reproduction  are  not  flowers,  but  some 
more  or  less  analogous  apparatus,  and  which  are  propagated  by 
spores  or  specialized  cells. 

724.  We  have  next  to  consider  how  these  two  series  may  be 
themselves  divided,  in  view  of  the  most  general  and  important  points 
of  difference  which  the  plants  they  comprise  exhibit  Whenever 
Phfenogamous  plants  rise  to  arborescent  forms,  a  difference  in  port 
and  aspect  at  once  arrests  attention;  that  which  distinguishes  our 
common  trees  and  slirubs  from  Palms  and  the  like  (Fig.  184).  On 
examination,  this  is  found  to  accompany  a  well-marked  important 
difference  in  the  structure  of  the  stem  or  wood,  and  in  its  mode  of 
growth.  The  former  present  the  exogenous,  the  latter  the  endoge- 
nous structure  or  growth  (200  -  203,  207,  &c).  This  difference  is 
isqually  discernible,  if  not  so  striking,  in  the  annual  or  herbaceous 
stems  of  these  two  sorts  of  Phtenogamous  plants.  A  difference  is 
also  apparent  in  their  ibliage  i  the  former  generally  have  reticulat' 
edf  or  netted^eined^  the  latter  parailel'veined  leaves  (27G).  The 
leaves  of  the  former  usually  fall  off  by  an  articulation ;  those  of  the 
latt^  decay  on  the  stem  (309,  310).  The  Phfenogamous  series, 
therefore,  divides  into  two  great  classes,  namely,  into  Exogenous 
and  Endogenous  plants,  more  briefly  named  Exogens  and  Endo- 
GEN8.  The  difference  between  the  two  not  only  pervades  their 
whole  port  and  aspect,  but  is  manifest  from  the  earliest  stage,  in  the 
plan  of  the  embryo.  The  embryo  of  Exogens,  as  already  shown,  is 
provided  with  a  pair  of  cotyledons  (or  sometimes  with  more  than 
one  pair)  ;  that  of  Endogens,  with  only  one ;  whence  the  former  are 
also  termed  Dicotyledonous,  and  the  latter  Monocotyledo- 
xous  plants  (128,  641-643):  names  introduced  by  Jussieu,  the 
lather  of  this  branch  of  botany.*  Taking  these  divisions  for  classes, 
ve  have 

♦  There  is,  perhaps,  no  real  and  complete  exception  to  the  coincidence  of  an 
exogenous  stem  with  a  dicotylcdonoos  (or  poljcotyledonous)  embryo,  and  of  an 
endogenous  stem  with  a  monoootyledonous  embryo.  Nyctaginaceous  plants 
and  some  others  have  a  few  vascular  bundles  scattered  through  their  pith,  but 
the  rest  of  the  wood  is  regularly  exogenous.  The  stalk  of  Podophyllum  imi- 
tatei  an  Endogen,  but  the  sablerraoean  rootstock  is  truly  exogenous,  as  it  should 
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Clou  L  ExooENOUs  OR  Dicotyledonous  Plants;  those 
Avith  endogenous  stems,  netted-veined  leaves,  and  diootytedonoas  (or 
rarely  polycotyledooous)  embryo ; 

ClasM  IL  Endogbnocs  or  Monocotylkdonous  Plakts; 
those  with  endogenous  st^ns,  mostly  parallel-veined  leaves,  and 
monocotyledonotts  embrya 

725.  Without  entering  here  into  a  particular  exj^anation  of  tlie 
diversitiea  of  structure  which  Cryptogamous  plants  present,  suffice 
it  to  say  tliat  they  exhibit  three  grades  of  simplification  as  to  their 
vegetation,  which  appear  to  correspond  with  three  different  modes 
of  fertilization.  Plants  of  the  hi^est  grades  of  the  Cryptogamous 
series  have  wood  and  ducts  in  their  composition  (i.  e.  they  aune  vascu- 
lar plants,  1 1 1),  and  display  the  ordinary  t3rpe  of  vegetation,  viz. 
with  an  axis  or  stem,  bearing  distinct  fdlage.  But  this  stem  in 
structure  is  neither  endogenous  nor  exogenous,  and  grows  from  the 
apex  only,  having  no  primary  root ;  whence  these  vascular  Flower- 
less  plants  have  been  called  Acrogens,  or  Acrogenous  plants. 
Of  this  kind  are  Ferns,  Lycopodiacese,  Equisetaoeas  or  Horsetails, 
&c.  These  plants,  it  appears,  produce  their  organs  analogous  to 
flowers,  and  have  their  fecundation  effected,  once  for  all,  upon  the 
infantile  or  germinating  plantlet,  and  the  result  is  the  origination  of 
a  bud,  wliich  develops  into  the  adult  plant ;  and  that  bears  the  fruit, 
in  the  form  of  spore-cases  and  spores  (663).  Here  then  are  the 
cliaracters  of 

,ClaB$  IlL  AcROGGNOUS  Plants;  Cryptogamous  plants, widi 
a  distinct  axis  and  mostly  with  foliage^  having  wood  and  ducts  in 
their  composition :  fertilization  occurring  upon  a  transient  germinat- 
ing plantlet,  and  giving  rise  to  the  adult  plant 

726.  The  other  Cryptogamous  plants,  being  composed  of  paren- 
chyma only,  (or  with  slight  exceptions,)  are  called  Cellular  plants 
(111).  Among  them  the  Mosses  and  Liverworts  present  for  the 
most  part  the  ordinary  plan  of  vegetation ;  their  organs  analogous 
to  flowers  appear  in  the  adult  plant ;  and  the  fertilization  of  the 
pistillidium  gives  origin  to  a  sporangium  in  which  a  multitude  d 
spores,  capable  of  germination,  are  developed.    These  compose 

Class  IV.  Anophytes  :  cellular  Cryptogamous  plants,  with 
distinct  stem  and  foliage,  or  sometimes  these  parts  confluent  into  a 

be.     Tho  trunks  or  lootstocks  of  Water-Lilies  appear  to  be  endogcnouf ;  hot 
those  who  have  invesUgatod  them  mimitclj,  declare  that  they  are  not  really  fo. 
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frond,  composed  of  parenchTma  alone :  fertilization  giving  rise  to  a 
sporangium  filled  with  spores. 

727.  TThe  remaining  and  lower  grade  consists  of  plants  such  as 
Lichens,  Seaweeds  or  Algse,  and  Fungi,  which  exhibit  no  clear  dis- 
tincdon  into  stem,  root,  and  leaves,  but  consist  of  single  cells  or  rows 
of  cells  in  their  lowest  grades,  and  in  the  higher,  of  masses  of  cells 
dbposed  in  almost  every  shape,  but  tending  mostly  to  flat  strata  or 
expansions ;  hence  the  vegetation  is  termed  a  thaSut  (or  bed),  and 
this  word  gives  a  name  to  the  class,  viz. 

Clou  V.  Thallophytes  :  cellular  Cr3rptogamous  plants  with 
no  ^stinction  of  axis  and  foliage ;  their  spores  mostly  directly  fer- 
dlized  (as  explained  in  another  place,  656-661). 

728.  These  five  classes  are  unequal  in  extent  and  diversity;  the 
Exogenous  class  containing  much  the  largest  number  of  orders ;  the 
Endogens  also  comprising  a  considerable  number ;  the  others  comr 
prise  few  orders  or  main  types,  but  are  most  of  them  very  rich 
in  tribes,  genera,  and  species. 

729.  Only  the  first  or  highest  class  presents  such  marked  diver- 
sity of  ^pe  among  the  plants  it  comprises  as  to  call  for  the  estab- 
lishment of  subclasses,  that  is,  of  groups  of  such  importance  as  to 
raise  the  question  wliether  they  should  not  be  regarded  as  classes. 
This  question  is  raised  by  the  peculiarities  of  Coniferse  (Pines,  Cy- 
presses, the  Yew,  &c.),  and  by  the  tropical  order  of  Cycadaceae ;  in 
which,  not  only  are  the  flowers  rcfduced  to,  the  greatest  simplicity, 
but  the  fertile  ones  consist  of  naked  ovules  merely,  borne  on  the 
margins  or  surface  of  a  sort  of  open  leaf,  or  else  of -an  ovule,  without 
anything  answering  to  a  pistil  at  alL  But  as  these  plants  are  truly 
exc^enous  and^Ucotyledonous  (or  often  polycotyledonous),  the  better 
opinion  is  that  they  should  be  ranked  under  the  Exogenous  or 
IKcotyledonous  class,  as  a  subclass.  So  that,  while  the  main  body 
of  the  first  class  consists  of 

St^dass  L  Angiospermous  ExooenS:  viz.  those  with 
proper  pistils  enclosing  their  ovules  in  an  ovary,  in  the  ordinary 
manner ;  the  pollen  to  fertilize  the  ovules  received  upon  a  stigma 
<42Q,  559,  574 Ji  — the  others  form  tlie 

Subclass  n.  Gymnospermous  Exogens  :  those  with  naked 
ovules  and  eeedn  (as  the  name  denotes),  which  are  fertilized  by 
direct  application  of  the  pollen  (560,  573,  625). 

730.  Tlie  general  plan  of  the  chtsses  and  subclasses  may  be  pre- 
sented in  one  view,  as  in  tlie  subjoined  synopsis. 
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731.  The  arrangement  and. general  character  of  the  principal 
orders  under  each  ckss  form  the  subject  of  the  ensuing  chapter. 
Before  entering  Upon  it,  the 

732.  NomendttOie  of  Orders,  Tribes,  te.  requires  some  explanation. 
The  names  of  such  groups  are.  in  the  plural  number*  As  a  gen- 
eral rule,  the  name  of  an  order  is  that  of  8<»ne  leading  or  well-known 
genus  in  it,  prolonged  into  the  adjective  termination  acea.  Thus, 
the  plants  of  the  order  which  comprises  the  MaUow  (Malva)  are 
called  Malvaee^  ;  that  is,  Pianta  MaivaceOy  or,  in  English^  Malva> 
ceoos  plants:  those  of  which  the  Rose  {Ea$a)  is  the  well-known 
representative  are  HoBoeeOy  or  Rosaceous  plants,  &c.  Some  few 
ordinal  names,  however,  are  differently  formed,  and  directly  indicate 
a  characteristic  feature  of  the  group ;  as,  for  instance,  LeguminostB^ 
or  the  Leguminous  plants,  such  as  the  Pea,  Bean,  &e^  whose  fruit 
is  a  legume  (610) ;  UmbeUi/eng^  or  UmbeUiferous  plants,  so  named 
from  having  the  ik>wers  in  umbels ;  CompoiiUBy  an  order  having 
what  were  termed  compound  ibwers  by  the  earlier  botanists  (394) ; 
LabiaUB^  so  called  from  the  labiate  or  two-lipped  corolla  which 
nearly  all  the  species  exhibit;  Crueifera^  which  have  their  four 
petals  disposed  somewhat  in  the  form  of  a  cross  (Fig.  405). 

733.  Suborders,  tribes,  and  all  other  groups  between  orders  and 
genera,  bear  names  framed  upon  the  same  principles,  that  is,  they 
are  plural,  Substantively-taken  adjectives,  derived  from  the  name  of 
some  characteristic  genus  of  the  group.  Thus  the  genus  Rota 
gives  name  to  a  particular  tribe,  Rose^e^  of  the  order  Ro$ace(B  ;  the 
genus  Malva  to  tlie  tribe  Malvete,  of  the  order  Malvaceae  &c^  —  the 
termination  in  acea  being  avoided,  because  reserved  for  ordinal 
names. 


CHAPTER    III. 

ILLUSTRATIONS  OF  THE  NATURAL  ORDERS  OR  FAMILIES. 

734.  SoHE  authors  (such  as  Jussteu  and  Endlicher)  commence 

with  the  lower  extremity  of  the  series,  and  end  with  the  higher  ; 

wliile  others  (as  De  CandoUe)^  pursue  the  opposite  course,  beginning 

with  the  more  perfect  Flowering  plants,  and  concluding  with  the 
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fewest  grade  of  Flowerless  plants.  .  The  first  mode  possesses  the 
theoretical  advantage  of  ascending  by  sncoessiye  steps  ftom  the 
simplest  to  the  most  complex  structure ;  the  second^  the  great  jHnie- 
tical  advantage  of  beginning  i^th  the  most  complete  and  best  under* 
stood,  and  proceeding  gradually  to  the  most  reduced  and  least 
known  fcMins,  or,  in  other  words,  from  the  easiest  to  the  most  di^ 
ficult ;  and  is  therefore  the  best  plan  for  the  student. 

735.  Until  the  orders  shall  have  been  successfully  associated  into 
natural  aUiances  or  superior  groups,  (of  whatever  name,)  it  is  most 
convenient  to  follow  De  Candolle's. arrangement  of  them,  in  a  gen» 
end  way,  with  such  minor  alterations  as  may  be  called  for.  The 
principal  Floras  now  in  use  are  arranged  upon  this  general  method. 
It  commences  with  the  Exogenous  class,  with  those  orders  of  it 
which  are  generally  provided  with  complete  flowers,  and  which  ex- 
hibit the  fiond  organs  in  the  most  normal  condition,  according  to 
our  theory  of  the  blossom  (Chap.  IX.,  Sect  I. -IIL),  that  is^ 
which  have  most  of  the  several  parts  free  and  separate.  It  pro- 
ceeds to  those  which  are  characterized  by  the  union  or  consolida- 
tion of  their  floral  organs,  and  then  to  those  which  are  reduced  or 
simplified  by  the  suppression  or  obliteration  of  parts,  ending  with  the 
Gymnospermous  subclass,  the  flowers  of  which  are  extremely  simpli- 
fied. The  Endogenous  class  succeeds,  with  a  somewhat  analogous 
arrangement,  ending  with  Grasses ;  and  the  classes  of  the  Gryp- 
togamous  series  follow  in  the  order  of  their  rank. 

736.  The  following  cursory  sketch  takes  in  &e  principal  orders, 
freely  omitting,  however,  small  and  obscure  ones,  as  well  as  certain 
weU-characterised  groups  which  have  no  interest  to  the  ordinary 
student,  and  no  indigenous,  naturalized,  or  commonly  cultivated  rep- 
resentatives in  the  United  States^  Certain  exotic  orders  are  also 
omitted  from  the  synopsis  of  the  classes  or  large  divisions,  for  greater 
simplicity,  but  are  briefly  mentioned  in  their  proper  place.  Fuller 
accounts  of  the  natural  orders,  and  of  their  systematic  arrangement, 
structure,  properties,  &c^  must  be  sought  in  more  extensive  works, 
such  as  Lindley's  Veg€tahU  Kingdom,  De  CandoUe's  Ptadromw,  ^ 
As  applied  to  the  botany  of  this  country,  what  is  essential  is  comprised 
in  the  Manual  of  the  Botany  of  the  Northern  United  States,  by  the 
present  writer,  and  in  similar  Floras.  The  characters  of  the  orders, 
&C.  are  drawn  up  in  ordinary  botanical  language.  For  explanation 
of  the  technical  terms  used,  the  reader  may  consult  the  Glossary  at 
the  end  of  the  volume. 
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Series  L    Flowering  or  Phanogamous  Plants. 

Plants  furnished  with  flowers  (essentially  consisting  of  stamens 
and  pistils),  and  producing  proper  seeds. 

Class  I.    Exogenous  or  Dicotyledonous  Plants. 

Stem  consisting  of  a  distinct  bark  and  pith,  which  are  separated 
bj  an  interposed  layer  of  woody  fibre  and  vessels,  foiming  wood  in 
all  perennial  stems :  increase  in  diameter  effected  by  the  annual 
deposition  of  new  layers  between  the  old  wood  and  the  bark,  which 
are  arranged  in  concentric  zones  and  traversed  by  medullary  rays. 
Leaves  commonly  articulated  with  the  stems,  their  veins  branching 
and  reticulated.  Sepals  and  petals,  when  present^  more  commonly 
in  fives  or  fours,  and  very  rarely  in  threes.  Embryo  with  two  (or 
rarely  more)  cotyledons. 

Subclass  1.  Angiosperuous  Exogenous  Plants. 
Ovules  produced  in  a  closed  ovary,  and  fertilized  by  the  action  of 
pollen  through  the  medium  of  a  stigma.  Embryo  with  a  pair  of  op- 
posite cotyledons.  (For  convenience,  the  very  numerous  orders  of 
this  subclass  are  divided  into  those  with  polypetalous,  roonopetalous, 
and  apetabns  flowers.  This  holds  in  a  general  way ;  but  a  good 
many  genera  and  species  of  mainly  polypetalous,  and  some  of  mono^ 
petalous  orders,  are  apetalous.  The  character  of  the  following  divis- 
ion must  therefore  be  regarded  as  liable  to  exception  in  this  respect. 
For  example,  many  of  the  genera  of  the  first  oi*der  have  apetalous 
flowers.  —  The  earlier  groups  of  this  division  are  mostly  hypogy- 
nous ;  those  that  succeed,  perigynous ;  the  last  are  epigynous.) 

Division  I.    Polypetalous  Exogenous  Plants. 
Calyx  and  corolla  both  present ;  and  the  petals  dbtinct. 

Conspectus  op  the  Orders. 

Gremp  I.  Ovaries  several  or  naineroas  (in  a  few  cases  solitary),  distinct,  when 
in  several  TQ\n  sometimes  cohering  in  a  mass,  bat  not  united  into  a  com- 
pound pistil    Petals  and  stamens  hjrpogjnous.    Seeds  albuminous, 

*  Stamens  or  pistils  (one  or  both)  numerous  or  indefinite. 
Herbs  without  stipules.  Randnculacejr- 

Shrubs  or  trees.    Corolla  imbricated  in  the  bud.  Mag  noli  acejK. 

Shrubs  or  trees.    CorolU  valrate  in  the  bud.  Anokacbjb. 
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*  *  Stamens  few  or  definite,  mostly  before  die  petals.    Pistils  one  or  few. 
Climbing  plants.    Dioecioiis  or  moncfecions.  Mbkibpssmacea 

Not  climbing.    Flowers  perfect.  Anthers  opening  bj  ralTes.    Bbkbkmidacejk. 

Croup  2.  Ovaries  several  and  distinct,  or  perfectly  united  into  a  compoond 
pistil  of  several  cells.  Embryo  enclosed  in  a  sac  at  the  end  of  the  albu- 
men, or,  in  Nelumbiam,  without  albnmen.    Aquatic  herbs. 

Carpels  distinct,  immersed  in  a  dilated  top-shaped  torus.  Neluii biacbje. 

Carpels  united  into  a  several-celled  and  many-ovuled  ovary.       Kymphjucxje. 

Carpels  distinct  and  flrce.    Stamens  6-18.  Cabombaceje. 

Group  3.  Ovary  compound,  5-oelled,  with  the  placentie  in  Ihe  axis.  Sta- 
mens hypogynous,  indefinite.  Seeds  numerous,  anatropous,  albuminoiKv 
with  a  small  embrya  Marsh  herbs,  with  singular  pitcher-shaped  or 
tubular  leaves.  Bjlrraceviacem, 

Group  4.    Ovary  compound,  with  parietal  placentae.    Petals  and  sepals  2  or  4, 
deciduous.    Stamens  hypogynous.    Flower  unsymmetricaL  EmluTO  small, 
in  copious  albumen,  or  coiled  when  there  is  no  albumen. 
Seeds  albuminous  :  embryo  small  or  minute. 

Polyandrous :  flower  regular.    Juice  milky  or  colored.  Papateiucuc. 

Diadelphous  or  hexandrons  :  flower  irregular.  Fumabiacejs. 

Seeds  >vithout  albumen  :  styles  and  stigmas  united  into  one. 

Pod  two-celled.    Radicle  folded  on  the  cotyledons.  Cbcctfbkjb. 

Pod  one-celled.    Embryo  rolled  up.  Cafparidaccjl 

Seeds  without  albumen :  styles  or  stigmas  sevend.  Rbsbdackjc 

Group  5.    Ovary  compound,  with  parietal  placentie.    Floral  envelopes  mostly 
5-merou8;  calyx  persistent    Stamens  hypogynous.    Seeds  albnminoos. 
Anthers  (5)  adnate,  introrse,  connate.    Corolla  irregular.  Yiolacbjb. 

Anthers  extix>rse,  or  innate,  distinct    Corolla  legulaCi 

Vernation  circinatt).    Petals  marcescent  Dboserackb. 

Vernation  straight.    Petals  usually  caducous.  Cistacka 

Givup  6.  Ovary  compound,  with  tlie  placenta  parietal,  or  2  -  5-cellcd  from 
their  meeting  in  the  axis.  Stamens  hypogynous.  Seeds  with  a  straight 
embr}'o  and  little  or  no  albumen. 

Sterile  filaments  or  a  lobed  appendage  before  each  petal.  Pakkassiacbje. 
Sterile  fiUiments  none  :  leaves  opposite. 

Stipules  none :  leaves  dotted.    Stamens  unsymmetrical.  Htpbbicacbje. 

Stipules  present :  leaves  dotless.     Stamens  symmetrical.  Elatimacejc 

Group  7.  Ovary  compound,  one-celled  with  a  free  central  placenta,  or  2- 
several-celled  with  the  placenta  in  the  axis.  Calyx  free  or  neariy  so. 
Stamens  hypogynous  or  perijgynous.  Embryo  peripheric,  coiled  more  or 
less  around  the  outside  of  mealy  albumen. 

Petals  and  stamens  numerous.    Ovary  many-oelled.   MB8XJiCBBTAirTHB]tACB& 

Petals  3  -  5  or  6,  sometimes  wanting. 

Floral  envelopes  symmetrical.     Stamens  10  or  fewer.       Cartophtllacba 
Floral  envelopes  unsymmetrical,  or  stamens  many.  Postoi^oacbje. 
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Gmip  8.  Oriiy  compound  and  MTanal-oelled,  Wkh  the  plfteentJB  in  the  axis ; 
or  the  nnmerons  carpels  more  or  less  coherent  with  each  other  or  with  a 
eentral  axis.  Calyx  free  from  the  ovary,  with  a  Talvate  fsttivation.  Sta- 
mens mostly  indefinite,  monadelphoos,  or  polyadelphoos,  inserted  with  the 
petals  into  the  receptacle  or  base  of  the  petab. 

Anthers  1 -celled,  reniform.    Stamens  monadelphons.  Maltacbje. 

Anthers  2-celled.    Fertile  stamens  few,  monadelphons.  BYTTKKRXACEiB. 

Anchefs  2-'Celled.    Stamens  polyandroos  or  polyadelphous.  TjujAosiB. 

Crroup  9.  Ovary  compound,  with  two  or  more  cells,  and  the  placenta  in  the 
axis,  free  from  the  calyx,  which  is  imbricated  in  aestivation.  Stamens  in- 
definite, or  twice  as  many  as  the  petals,  nsually  monadelphons,  hypogy- 
noos.  —  Trees  or  shrubs. 

Leaves  simple,  not  dotted.    Stamens  indefinite.  Camblliagbjb. 

licaves  pellucid-punctate,  mostly  compound.  Aubaktiaoka. 

Leaves  compound,  dotless.    Stamens  10  or  less,  monadelphons. 

Seeds  single  in  each  cell,  wingless.  MsLiACSiB. 

Seeds  several  in  each  cell,  winged.  CEDBBLAesA. 

Group  10.  Ovary  compound,  or  of  several  carpels  adhering  to  a  central  axis, 
(or  rarely  distinct  in  the  last  two),  free  from  the  calyx,  which  is  mostly  im- 
bricated in  aestivation.  Stamens  as  many  or  twice  as  many  as  the  petals, 
inserted  on  the  receptacle,  often  monadelphons  at  the  base.  Embryo  large. 
Albumen  little  or  none.    Flowers  perfect,  except  in  some  Rutacese. 

*  Flower  irregular  and  unsymmetrical.    Albumen  none. 
Stamens  united  over  the  pistil.    Ovules  several  in  each  cell.     BALSAMixACBiB. 
Stamens  distinct    Ovules  single  in  each  cell.  TnoPiBOLACKJE. 

*  *  Flower  regular  and  mostly  symmetrical. 
Leaves  not  punctate  with  transparent  dots. 

Calyx  valvate.    Albumen  none :  cotyledons  very  thick.       Lixsakthacbjb. 
Calyx  imbricated  in  aestivation. 
Embryo  oonduplicate :  the  radicle  bent  down  on  the 

convolute  cotyledons.  Gbbaniacbjb. 

Embryo  straight  or  neariy  so. 

Stamens  (fertile)  5.    Leaves  simple,  entire.  Likacbjk. 

Stamens  10.    Leaves  opposite,  compound.  Zyoophtllaceje. 

Stamens  10.    Leaves  alternate,  mostly  componnd. 

Ovules  more  than  one  in  each  cell.  Oxalidace.«. 

Ovules  only  one  in  each  cell.  SiMARunACBiC. 

Leaves  punctate  with  transparent  dots.  BuTACBis. 

Group  11.  Ovary  one,  or  several  and  distinct  or  combined  into  one,  wiUi  one 
or  rarely  two  ovules  in  each  cell.  Calyx  free;  stamens  more  or  less 
perig3mous,  as  many  or  twice  as  many  as  the  petals.  Embryo  large : 
albumen  none.  Shrubs  or  trees  with  a  resinous  or  viscid-milky  juice,  and 
mostly  polygamous  or  dicecions  flowers.  Leaves  not  punctate.  —  In  tem- 
perate climates  represented  only  by  Anacabolacbjb* 
32* 
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Group  IS.  Orarj  compound,  1  ^S^celM,  with  one  or  two  otvIcb  erect  from 
tlw  base  of  the  cells.  Calyx  free  or  partly  adherent.  Stanens  at  many  as 
the  petals  or  sepals  and  opposite  the  former.  Seeds  anatropoos,  albumi* 
Doos.  WoodjT  plants,  with  »  colorless  juice.  Flowers  icgalar.  Leavts 
alternate. 

Calyx  obscure.    Petals  yalrate,  caducous.    Embryo  minute.  Vitacka. 

Calyx  more  conspicuous  than  the  petals,  Talvate.  Rhamhaceje. 

Grovp  13.  Ovary  compound,  S-5-celled,  with  only  one  or  two  ovules  in  each 
cell.  Stamens  as  many  as  the  petals  and  alternate  with  them,  perigynoos. 
Seeds  furnished  with  an  arillus,  albuminous,  with  a  lar^  straight  embryo. 
Woody  plants,  with  regular  flowers  and  simple  leaves.  —  Represented 
mainly  by  CBULSTftACJUi. 

Grwtp  14.  Ovary  compound  and  2-3-celled,  with  one  or  two  (rarely  3  or  4) 
ovules  in  each  cell,  free  from  the  calyx,  which  is  imbricated  in  lestivation. 
Flowers  often  irregular,  and  sometimes  unsymmetrical.  Stamens  definite, 
hypogynous  or  pcrigynous.  Shrubs,  trees,  or  herbs.  Leaves  opposite  or 
alternate,  not  punctate. 

Stamens  distinct,  inserted  on  a  hypogynous  or  perigynons  disk. 
Embiyo  (except  in  Staphylea)  variously  curved  or  coiled,  and 

destitute  of  albumen.  SAPiVBACBiL 

~  Stamens  hypogjrnous,  without  a  disk. 
Stamens  mostly  monadelphous,  10. 

Flowers  regular.    Embryo  curved ;  albumen  none.  Mautobiacus. 

Stamens  monadelphous  or  diadclphons,  6  or  8.    Flower  irregu- 
lar and  unsymmettical.    Embryo  straight  in  albumen.        PoLTOAUiCEiB. 

Group  15.  Ovary  simple  and  solitary,  free  from  the  calyx;  the  fruit  a  pod. 
Flower  S-merous,  the  odd  sepal  anterior.  Corolla  papilionaceous,  iir^gu- 
lar,  or  sometimes  regular.  Stamens  monadelphous,  diadelphoos,  or  dis- 
tinct, mostly  perigynous.    Seeds  destitute  of  albumen 

Stamens  hypogynous,  the  anterior  wanting.    Stipules  none.      Kbaubbiacxa. 
Stamens  mostly  perigynous.    Fruit  a  legume.  Lbgumxnosa 

Group  16.  Ovaries  one  or  several,  dther  simple  and  distinct,  or  combined 
into  a  compound  ovary  with  two  or  more  cells  and  the  placents  in 
the  axis.  Petals  and  the  distinct  stamens  perigynons.  Seeds  destitnie  of 
albumen. 

*  Calyx  free,  although  often  enclosing  the  ovaries  in  its  tube,  except  wbes  tbe 

latter  are  united,  when  it  is  adnate  to  the  compound  ovary,  and  the  sta- 
mens are  indefinite.  ^ 

Leaves  alternate,  stipulate.    Cotyledons  plane.  Bosacsjb. 

Leaves  opposite,  not  stipulate,  nor  pellucid-punctate.  Calycaxthacsa. 

Leaves  opposite,  not  stipulate,  pelludd-punctate.  Mybtacjlk. 

♦  ♦  Calyx  free  from  the  compound  ovary.    Stamens  definite.        Lythbacxa 
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*  *  *  CtAy%4nht  adnate  to  tke  coniponsd  ovaty.    8taaieiif  dcflnite. 

Anthers  opening  hj  a  pore  at  the  apex.  MmhAMTOUkCttM. 
Antben  opening  longitodinalljr. 

gUipoles  between  the  petioles.    Leares  opposite.  BiuzopHOftACBiB. 
Stipules  none.    Calyx  valvate. 

Cotyledons  convolnte.    Fmit  indehiaeenC,  1-ceUed.  Combxbtacbjb. 

Cotyledons  plane.    Fmit  mostly  S-4-celled.  Onagkacsjl 

Ctwip  17.  Ovary  compoond,  one-cdled,  with  parietal  placenta.  Petals  and 
(with  one  exception)  stamens  inserted  on  the  throat  of  the  calyx.  Flowers 
perfect,  except  in  Fapayace«. 

*  Calyx  adherent  to  the  oraiy. 

Albumen  none  or  reiy  little.    Petals  and  stamens  indefinite.  CACTAOKJt. 

Albomen  rery  copioos.    Embryo  minnte.    Stamens  5.  Gbossulacxjb. 

Albomen  present    Embryo  rather  lai^.    Stamens  indeftnitb.  LoASACSiB. 

*  *  Calyx  free  from  the  oraiy. 
Flowers  perfect.    Stamens  5. 

Stamens  distinct  and  perigynons.  TuBNXXACBiB. 

Stamens  monadelpboos,  adnate  to  the  gynophore.  pASSiFLOHACSiB. 

Flowers  dicecions.    Stamens  10,  on  the  corolla.  Papayacejc. 

Gmqk  18.  Ovary  compound,  one  -  sereral-celled,  the  placenta  parietal  (either 
truly  or  falsely  so).  Calyx  adnate.  Corolla  frequently  monopetalous. 
Stamens  mostly  united  either  by  their  filaments  or  anthers.  Flowers 
dicecions  or  monoDcioas.  Albumen  none.  Succulent  or  tender  vines  with 
tendrils.  Cuoubbitacba. 

Cnmp  19.  Ovaries  two  or  more,  many-ovnled,  distinct,  or  partly,  sometimes 
completely,  united,  when  the  compound  ovary  is  one-celled  with  parietal 
placentae,  or  2 -many-celled  with  die  placcntse  in  the  axis.  Calyx  either 
free  from  the  ovary  or  more  or  less  adherent  to  it.  Petals  and  stamens 
inserted  on  the  calyx ;  the  latter  mostly  definite.  Seeds  albuminous,  nn* 
merous.  . 

Pistils  of  the  same  number  as  the  sepals.  CiussuLACBiB. 

Pistils  fewer  than  the  sepals,  more  or  less  united.  Saxifbaoacbjb. 

Grmq>  SO.  Ovary  compound,  8-  (rarely  3-5-)  celled,  with  a  single  ovule  sus- 
pended from  the  apex  of  each  cell.  Stamens  usually  as  many  as  the  pet- 
als or  the  lobes  of  the  adherent  calyx.    Embryo  small,  in  hard  albumen. 

*  Summit  of  the  (often  2-lobed)  ovary  free  from  the  calyx ;  the  petals  and  sta- 

mens inserted  on  the  throat  of  the  calyx.  Hamamblacxji. 

*  *  Calyx-tube  entirely  adherent  to  the  ovary.  Stamens  and  petals  epigynons. 
Fruit  separable  into  two  dry  carpels.  Flowers  umbellate.  Umbxllxfebjb. 
Fruit  drupaceous,  usually  of  more  than  two  carpels.  Ab  alx  acbjk. 
Fruit  a  1-3-ceUed  drupe.    Flowers  cymose  or  capitate.  Cobxac&b. 
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737.  Ord.  KaiUlieBlae^flB  (Crowfooi  Famify).  Herlmoeoiis,  occa- 
Bionallj  climbing  plants,  with  an  4M3id  watery  juice,  and  usually 
palmately  or  temately  lobed 

or  divided    leaves,  without 
stipules.     Calyx  of  three  to 
six,    usually    five,    distinct 
sepals,  deciduous,  except  in 
Paeonia     and     Helleborus. 
Petals    five    to    fifteen,    or 
ofien  none.     Stamens  indefi- 
nite, dbtinct     Ovaries   nu*  ^ 
merous,  rarely  few  or  soli- 
tary, distinct,  in  fruit  becoming  achenia  (Fig.  566,  567)  or  follicles 
(Fig.  579,  648,  649),  or  in  Actaea  a  beny.     Embryo  minute,  at  the 
base  of  firm  albumen  (Fig.  650,  610).  —  JBx.  Ranunculus,  the  But- 
tercup (Fig.  645),  which  has  regular 
fiowers  with  petals.     Clematis  (Vir- 
gin's Bower,  which  is  the  type  of  a 
tribe),  Anemone  (Fig.  41 1),  Hepatica 
(Liver-leaf),  ^bc  have  no  petals,  hat 
the  calyx  is  petaloid.  In  these  the  flow- 
ers are  regular.    The  Larkspur  (Fig. 
898)  and  Monkshood  (Fig.  401)  have 
the  fiowers  irregular,  and  the  Column 
bine  (Fig.  646)  has  petals  in  the  form 
of  spurs.     Acttea  (Banebeny)  and 
one  Larkspur  have  a  solitary  ovaiy: 
in  the  latter  the  petals  are  consoli- 
dated.  Zanthorhiza  (Yellow-root)  has 
only  five  or  ten  stamens.  —  The  juice 
of  all  Banunculaceous  plants  is  acrid,  oir  even  caustic :  some,  as  the 
Aconite,  are  virulent  narcotico-acrid  poisons. 

738.  Ord.  Dilleniaees,  consisting  chiefly  of  tropical  and  Australian 
shrubs  and  trees,  probably  includes  Crossosoma  of  Nuttall,  a  singu- 
lar Califomian  genus.  The  order  ranks  between  the  preceding 
and  succee^ng,  but  is  nearer  the  former,  from  which  it  is  known  by 
its  arillate  seeds. 

FIG.  646.    Vertical  feetioa  of  Um  flower  of  a  Batteimip. 

FIG  646.  Floww  and  pwt  of  a  letf  of  Aqoilesla  Canadenab  (WIU  OoloiUM).  M.  A 
detMlwd  petal.  648  The  fire  carpels  of  Um  fruit.  640.  A  Mpanfea  ftdltela.  66^  T«<kd 
iKstioa  of  the  wed,  ahowlDg  the  minafia  embrTO. 
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'7S9.  Ord.  lagnoliaeeo  (Mr^ofia  Famffjf).  Trees  or  shrubs; 
with  ample  and  coriaceous,  alternate,  entire  or  Idbed  leaves,  usually 
punctate  with  minute  transparent  dots :  stipules  membranaceous,  en<» 
veloping  the  bud,  falling  off  when  the  leaves  expand.  Flowers  soli* 
tary,  laige  and  showj.  Calyx  of  three  deciduous  sepals,  colored  like 
the  petals ;  the  latter  in  two  or  more  series  of  three.  Stamens  nu* 
merous,  with  adnate  anthers.  Carpeb  either  several  in  a  single 
row,  or  numerous  and  spicate  on  the  prolonged  receptacle ;  in  the 
latter  case  usually  more  or  less  cohering  with  each  other,  and  fom>- 
ing  a  fruit  like  a  cone  or  strobile.  Seeds  mostly  one  or  two  in  each 
carpel,  sometimes  drupaceous  and  suspended,  when  the  carpels  open, 
by  an  extensile  thread,  composed  of  unrolled  spiral  vessels.  Em- 
bryo minute,  at  the  base  of  homogeneous  fleshy  albumen.  There 
are  three  well-marked  suborders,  by  many  ranked  as  orders,  viz. :  — 


tM 

740.  Sobord.  Hagnolies  (Magnolia  Family  P^'oper)^  characterized 
principally  as  above,  especially  by  the  stipules  and  the  imbricated 

^iked  carpels : — represented  by  Magnolia  and  Liriodendron.    The 
bark,  ^bc  is  bitter  and  aromatic,  with  some  acridity. 

741.  Snbord.   Wloteres  (WirUer's'Bark  Family)  has  no  stipules, 
and  the  carpels  occupy  only  a  single  verticiL    These  have  more 

no.  (Kl.  Mftgoolla  glaiiea.  66S.  A  itunra.  Men  Anom  the  Iwlde,  fhowhifr  Oie  two  lobM  of 
fhoadiiato  ftntber.  S5&  Tho  earpeli  In  ftnit,  penl<tent  on  the  receptacle,  and  openlnf  1^  th« 
domlfatora;  the  Neds  iiuptiidedbjr  their  eztenrikeonl of  iplnlTWMto. 
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pungent  and  purer  aromatic  properties ;  as  in  Itticium,  the  Star-Anise, 
the  seeds  and  pods  of  which  furnish  the  aromatic  oil  of  this  name. 

742.  Snbordt  SehliaBdiVS  is  monoecious  or  dioecious,  vriih  the  pis- 
tils spicate  or  capitate  on  a  prolonged  receptacle ;  the  stamens  often 
monadelphous.  Leaves  sometimes  toothed,  destitute  of  stipules.— 
JSr.  Schizandra.    These  are  mucilaginous,  with  little  aroma. 

743.  Ord.  lonimiacec  is  a  small  group,  found  in  the  soatheni 
hemisphere,  with  pungent  aromatic  properties,  most  allied  to  the  last 
order  according  to  Dr.  Hooker  (or  to  Calycanthaceae,  according 
to  Tulasne),  but  chiefly  apetalous,  and  with  opposite  leaves. 

744.  Ord.  Aionaces  {CuMtard-Apple  Family).  Trees  or  shrabs, 
with  alternate  entire  leaves,  destitute  of  stipules.  Flowers  large, 
but  dull-colored.     Sepals  8.     Petals  6,  in  two  rows,  valvate  in  assd- 


vation.  Stamens  numerous,  in  many  rows,  with  extrorse  anthers. 
C5arpels  few,  or  mostly  numerous  and  closely  packed  together,  some- 
times cohering  and  forming  a  fleshy  or  pulpy  mass  in  the  mature 

YIQ,  664.  Fkmieriiig  bnuwh  of  fth*  Papftw  (Animlna  triloba)  of  the  mtanil  vbe.  655  Tbt 
MonktMlo,  with  aU  but  the  pbULi  raoiOTed.  656  A  ftvnen,  iuasiiia<Mi.  657.  Wkw  of  thne 
baccate  podj  from  the  Mme  receptacle  (much  redaoed  In  sIk)  ;  one  cut  across,  another  lenstb- 
wiae,  to  show  the  laige  houj  leeda.    668.  Sectloa  of  the  feed,  to  show  the  ramtnated  alboiMik 
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fruit  Seeds  one  or  more  ia  each  earpel,  wiUi  a  liard  and  brittle 
testa:  embryo  minute,  at  the  base  of  hard,  ruminated  albumen. 
The  four  species  of  our  so-called  Papaw  (Asimina)  are  our  only  rep- 
resentatives of  this  chieflj  tropical  order,  which  furnishes  the  lus- 
cious custard-a{^les  of  the  East  and  West  Indies,  &c.  Aromatic 
properties,  with  some  acridity  in  the  bark,  dec,  prevail  in  the  order. 
Itonodora  yields  the  calabash-nutmeg. 

745.  Ord.  Ijrmtictees  {Nutmeg  Family)^  consisting  of  a  few  tropi- 
cal trees  (which  bear  nutmegs),  differs  from  AnonaceaB  in  having 
monoecious  or  dicecious  and  apetalous  flowers,  &c  The  aril  and  the 
albumen  of  the  seeds  are  fine  aromatics.  The  common  nutmeg  is 
the  seed  of  Myristica  moschata  (a  native  of  tlie  Moluccas)  deprived 
of  the  testa :  mace  is  the  aril  of  the  same  species.  The  ruminated 
albumen  is  nearly  peculiar  to  this  family  and  the  Anonaceae. 

746.  Ord.  Henixpermaees  {Moonseed  Family).  Climbing  or  twin- 
ing shrubby  plapts,  with  alternate  and  simple  palmately- veined  leaves, 
destitute  of  stipules;  and  small  flowers  in  racemes  or  panicles, 
mostly  dioecious,  the  parts  commonly  in  two  or  more  rows  of  three 
or  four  each.  Calyx  of  three  to  twelve  sepals,  in  one  to  three  rows, 
deciduous.  Petals  as  many  as  the  sepals  or  fewer,  small,  or  some- 
times wanting  in  the  pistillate  flowers.  Stamens  as  many  as  the 
petals,  and  opposite  them,  or  two  to  four  times  as  many :  anthers 

9m  9m  Mt  Ml 


J^k^ 


often  four-celled.     Carpels  usually  several,  but  only  one  or  two  of 
them  commonly  fructify,  at  first  straight,  but  during  their  growth 

no.  66^  Steminate  flower  of  Ifenkponnam  Guwdenst.  660.  A  itamen,  witti  ita  Ibar- 
bbcd  anther.  66L  A  pIsUUaU  flower  of  ttie  nme.  662.  A  aoUtofy  fralt.  668.  Two  dmpea 
OD  Uie  Mme  leerptnrle,  cut  acroet ;  ooe  ttmmgh  Uie  polpj  esooarp  oolj,  the  other  Ihrov^ 
the  bony  eodocarp  and  eeed.  664.  A  drupe  dlrided  Tertkal^jr  (the  embiyo  h&n  b  tiirae4  the 
wrongwej).    605.  The  feed,  and,  666,  the  eoUed  emhiyo  detaehed. 
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often  curved  into  a  ring ;  in  fruit  becoming  berries  or  drupes.  Seeds 
solitary,  filling  the  cavity  of  the  bony  endocarp :  embryo  large, 
curved  or  coiled  in  the  thin  fleshy  albumen.  —  Menispermom,  or 
Moonseed  (Fig.  413,  414,  659-666),  Cocculus.  The  roots  are 
bitter  and  tonic  (e.  g.  Colombo  Eooi  of  the  materia  medica) ;  but  the 
Iruit  is  often  narcotic  and  acrid ;  as,  for  instance,  the  very  poisoooos 
Cocculus  Indicus  of  the  shops,  once  used  for  rendering  malt  liquors 
more  intoxicating,  and  for  stupefying  fishes. 

747.  Ord.  BerberidaeeS  {Barberry  Family).  Herbs  or  shrubs, 
with  a  watery  juice ;  the  leaves  alternate,  compound  or  divided,  usu- 
ally without  stipules.  Flowers  perfect  Calyx  of  three  to  nine 
sepals,  imbricated  in  one  to  several  rows,  often  colored.    Petak  as 


! 


many  as  the  sepals  and  in  two  sets,  or  twice  as  many,  often  wiA  s 
pore,  spur,  or  glandular  appendage  at  the  base.     Stamens  equal  in 

FIG.  668.  A  ihoot  of  Berbeite  Tulgftrls,  the  eomniOD  Bartieny.  669.  A  flownlng  teueh 
ttom.  Um  axU  of  ooo  of  its  Imt«8  or  spiiMSf  ttia  fMlowIng  year.  670.  An  expanded  flower. 
671.  A  petal,  nectartfcnms  near  the  baaa.  672.  A  ftamen ;  the  anther  opeohig  bj  apOfM 
TalTes.  678.  CroM-sectlon  of  a  yoang  fhilt.  674.  Vertical  section;  the  nedf  attached  at  tbi 
haae.  676.  Vertical  aectlon  of  a  aeed  enlarged,  showing  the  large  emhryo  with  fbHaoaoai 
eotjledona  and  a  taper  radida,  aarrotmded  1^  albumen.    676.  The  embryo  aeparale. 
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jitimber  to  the  petals  and  opposite  theiBy  or  rardj  more  nmneroos ; 
anthers  extrorse,  the  cells  commonly  opening  hj  an  uplifted  valve 
(Fig.  475,  672).  Carpel  solitary,  often  gibbous  or  oblique,  forming 
a  one-celled  pod  or  berry  in  firuit.  Seeds  sometimes  with  an  aril : 
embryo  (often  mimtte)  surrounded  with  a  fleshy  or  homy  albumen. 
—  Ex*  The  Barberry,  the  sharp  spines  of  which  are  transformed 
leaves ;  the  Mahonias  are  Barberries  with  pnnated  leaves.  Caulo- 
phyllum  thalictroides,  the  Blue  Cohosh,  is  remarkable  for  its  eva- 
nescent pericarp  (559),  and  the  consequent  naked  seeds,  which 
resemble  drupes  Podophyllum  peltatum  (the  Mandrake)  presents 
an  exception  to  the  ordinal  character,  having  somewhat  numerous 
stamens,  with  anthers  which  do  not  open  by  valves ;  but  the  latter 
anomaly  is  also  found  in  Nandina.  The  order  is  remarkable  for 
this  valvular  dehiscence  of  the  anthers,  and  for  the  situation  of  both 
the  stamens  and  petals  opposite  the  sepals.  But  this  latter  pecu- 
liarity is  easily  explained  away  (461).  The  fruit  is  innocent  or 
eatable ;  the  roots,  and  also  the  herbage,  sometimes  drastic  or  poison- 
ous, as  in  Podophyllum. 

748.  Ord.  SelumbiaceS  {Nelumho  Family).  Aquatic  herbs,  with 
large  leaves  and  flowers,  on  long  stalks  arising  from  a  prostrate 
trunk  or  rhizomn,  which  has  a  somewhat  milky  juice :  the  leaves 
orbicular  and  centrally  peltate.  Calyx  of  four  or  five  sepals,  decid- 
uous. Petals  numerous,  inserted  in  several  rows  into  the  base  of  a 
large  and  fleshy  obconical  torus,  deciduous.  Stamens  inserted  into 
the  torus  in  several  rows:  the  filaments  petaloid;  the  anthers  ad- 
nate  and  introrse.  Carpels  several,  separately  immersed  in  hollows 
of  the  enlarged  flat-topped  torus  or  receptacle  (Fig.  427),  each  con- 
taining a  single  anatropous  ovule ;  in  fruit  forming  hard,  round  nuts. 
Seed  without  albumen :  embrj-o  very  large,  with  two  fleshy  cotyle- 
dons, and  a  highly  developed  plumule.  —  Ex.  The  order  consists  of 
the  single  genus  Nelumbium,  embracing  two  species ;  one  a  native 
of  Asia,  the  other  of  North  America.  They  are  chiefly  remarkable 
for  their  large  and  showy  leaves  and  flowers.  The  nuts  are  eatable. 
It  should  be  regarded  rather  as  a  suborder  of  the  next. 

749.  Ord.  Nymphsaces  (  Water-Lily  Family).  Aquatic  herbs,  with 
sliowy  flowers  and  cordate  or  peltate  leaves,  arising  from  a  prostrate 
trunk  or  rhizoma,  and  raised  on  long  stalks  above  the  water,  or 
floating  on  its  surface.  Calyx  and  corolla  of  several  or  numerous 
imbricated  sepals  and  petals,  which  gradually  pass  into  each  other ; 
persistent  \  the  latter  inserted  on  the  fleshy  torus  which  surrounds 

83 
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or  partly  encloses  and  adheres  to  the  pistil ;  the  inner  series  grada^ 
ally  changing  into  stamens.  Stamens  numerous,  in  several  rows, 
inserted  into  the  toms  with  or  above  the  petals ;  many  of  the  outer 
filaments  petaloid  (Fig.  844),  the  adnate  anthers  introrse.  Fmit  in- 
dehiscent,  pulpy  when  ripe,  many-celled,  crowned  with  the  radiate 
stigmas ;  the  anatropous  seeds  covering  the  spongy  dissepiments. 
Embryo  small,  enclosed  in  a  membranous  bag,  which  is  next  the 
hilum,  and  half  immersed  in  the  mealy  albumen.  Structure  of  the 
trunk  appearing  rather  endogenous  than  exogenous.  —  Ex,  Nym- 
phaea,  the  ^Vhite  Water-Lily ;  Nuphar,  the  Yellow  Fond-Lily ;  and 


the  magnificent  Victoria  of  tropical  South  America,  the  most  gigan- 
tic and  showy  of  aquatics,  both  as  to  its  flowers  and  its  leaves.  Mu- 
cilaginous plants,  with  slight  astringency ;  no  important  properties. 

750.  Ord.  CabombaccK  {Water-shield  Family)  is  really  merely  a 
simplified  state  of  the  last,  with  only  one  series  of  sepals  and  petals, 

no.  677.    open  flowvr,  wUh  a  lloirar-biid  and  \mi  of  Um  White  Watcr-Ulj  (Njaptea 
•dontta) ;  the  fmier  p«telt  pMiIng  Into  ituMOt.    678.  A  flowwr  with  all  Uaa  parte  a 
pistil  cnt  away  except  one  of  the  petaloid  stamens,  one  Intermediate,  and  otte  proper  i 
679.  An  inner  petal,  with  the  imperfeet  mdimente  of  aa  antbar  at  the  tip. 
seetion  of  an  ofarjr. 
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^efiute  stamens,  or  nearly  so,  with  innate  anthers,  and  the  gyniccium 
of  few  apocarpous,  free,  and  few-ovuled  pistils ;  the  ovules  chiefly  on 
ibo  dorsal  suture.    Brasenia  and  Cabomba  are  all  the  genera. 


751.  M.im9mAntt9t(Water'PitcherFam%fy).  Perennial  herbs, 
growing  in  bogs ;  the  (purplish  or  yellowish-green)  leaves  all  radical 
and  hollow,  pitcher-shaped  (Fig.  299,  800),  or  trumpet-shaped* 
Calyx  of  five  persistent  sepals,  with  three  small  bracts  at  its  base. 
Corolla  of  five  petals.  Stamens  numerous.  Summit  of  the  com- 
bined styles  very  large  and  petaloid,  five-angled,  covering  the  five- 
celled  ovary,  persistent  Fruit  five-celled,  flve-valved,  with  a  large 
placenta  projecting  from  the  axis  into  the  cells.  Seeds  numerous, 
albuminous,  with  a  small  embryo.  —  Sarracenia,  from  which  the 
above  character  is  taken,  was  the  only  known  genus  of  the  order, 
until  the  recent  discovery  of  Heliamphora  in  Guiana,  which  is  apeta- 
lous,  its  scape  bearing  several  flowers ;  as  does  that  of  a  third  genuSy 

no.  eSl.  BiMMdft  9«Itet»  (WMn^difcld);  Um  lower  flower  wiOi  Um  flonl  envelo|Mt  mmI  ji 
part  of  ttM  stamens  lemored.  682.  A  magnlfled  stamen.  688.  A  magnified  carpel.  684.  The 
sMM,4lfUedkDgthwl8e,ahowingtkeoTnlMAttMh0dtollieoitiaffordonalaatim  686.  Seo- 
tfoft  of  •  eaipal,  in  findi.  686.  A  macatlWul  seed,  wiUi  tolf  tba  oatar  intagnment  rBmoTe4, 
dtapl^lDC  •(  tba  nppar  eztramitj  tba  bag  wbkb  ooataioa  tba  ambcyo.  687.  A  magnified  aeo- 
Hob  tbioagh  tba  middle  ct  tba  AlboaMn,  ke,i  bringtog  to  view  tbe  minute  embiyo  endosed 
Inlta  aae,  \jring outside  of  tbealbumen,  wbicb  forms  tbe  principal  bulk  of  tba  s«ad. 
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Darlingtonia,  Torr^  recentlj  discovered  in  California,  with  calyx  anil 
corolla  not  veiy  nnlUce  those  of  Sftrracenia,  but  without  the  umbrella^ 
like  style.  The  species  of  Sarraoenia  are  all  Eastern  North  Amer- 
ican.    The  afiinities  of  the  group  are  unsettled. 

752.  Ord.  PapaTHnceS  {^oppy  Famify).  Herbs  with  a  milkj  or 
colored  juice,  and  alternate  leaves  without  stipules.  Calyx  of  two 
(rarely  three)  caducous  sepals.  Corolla  of  four  to  six  regular  petals. 
Stamens  eight  to  twenty-four,  or  numerous.  Fruit  one-celled,  with 
two  to  five  or  numerous  parietal  placentas,  from* which  the  valves 
of^en  separate  in  dehiscence.  Seeds  numerous,  with  a  minute  em- 
bryo, and  copious  fleshy  and  oily  albumen.  —  Ux.  The  Poppy  (Pa- 
paver),  the  leading  representative  of  this  small  but  important  family, 
is  remarkable  for  the  extension  of  the  placentas  so  as  almost  to  divide 


the  cavity  of  the  ovary  into  several  cells,  and  for  the  dehiscenoe  of 
the  capsule  hj  mere  chinks  or  pores  under  the  edge  of  the  crown 


no.  688.  BMiBOiaMto  OMMdwifh  («te  BloodMWt).  889  lh»  pod,  dMfcd  ^nrnnm^f 
•tfMmliiff  tiM  putotal  ftMMiiBMnt  of  tbe  iMds  680  Loogitndfaial  seetlniofaiMCiilMMrf 
wlUk  lli  1m|»  ibapbe,  diowlnff  ttit  uloata  cmbrTO,  nmt  the  «zti«mlt7  of  th*  tttbow*- 
«B1.  Flim«r4NidQr&fltanlMllriB.  8W.  Thi  calypteitenn  olyx  dfehed  ftom  the  twi.  ^^ 
VodoftlMniM. 
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ibrmed  by  the  radiate  stigmas.  Eschscholtziay  now  common  in 
gardens,  is  remarkable  for  the  expanded  apex  of  the  peduncle,  and 
for  the  union  of  the  two  sepals  into  a  calyptnij  like  a  candle-extin- 
gaisher,  which,  separating  at  the  base,  is  tlirown  off  bj  the  expan- 
idon  of  the  petals.  The  colored  juice  is  narcotic  and  stimulant 
That  of  the  Poppy  yields  Opium.  That  of  the  Celandine  and  of  the 
Bloodroot  (Sanguinaria)  is  acrid. 

752'.  Ord,  Funariaces  (Fumitory  Family).  Smooth  herbs,  with 
brittle  stems,  and  a  watery  juice,  alternate  dissected  leaves,  and  no 
stipules.  Fk>wers  irregular.  Calyx  of  two  sepals.  Corolla  of  four 
petals,  in  pairs ;  the  two  outer,  or  one  of  them,  spurred  or  sao-Iike 
at  the  base ;  the  two  inner,  callous  and  cohering  at  the  apex,  includ- 
mg  the  anthers  and  stigma.  Stamens  six,  in  two  parcels  opposite 
the  outer  petals ;  the  filaments  of  each  set  usually  more  or  less 
united ;  the  middle  one  bearing  a  tw6-celled  anther ;  the  lateral,  with 
ODe-celled  anthers.  Fruit  a  one-celled  and  two-valved  pod,  or  round 
and  indehiscent.  Seeds  with  fieshy  albumen  and  a  small  embryo.  — 
Ex.  Fumaria,  Dicentra  (Fig.  869-374),  Corydalis. 
A  small  and  ui^lmportant  tribe  of  plants,  chiefly  re- 
nuukable  for  their  singular  irregular  flowers;  by 
which,  with  their  watery  juice,  they  are  distin- 
guished, and  that  not  very  definitely,  from  the  pre- 
ceding family. 

753.  Ord.  Cracifers  {Mmtard  ^FamHy).  Herbs, 
with  a  pungent  or  acrid  watery  juice,  and  alternate 
leaves  without  stipules ;  the  flowers  in  racemes  or 
corymbs,  with  no  bracts  to  the  pedicels.  Calyx  of 
four  sepals,  deciduous.  Corolla  of  four  regular 
petals,  with  claws,  their  spreading  limbs  forming  a 
cross  (Fig.  694).  Stamens  six,  two  of  them  short- 
er (tetradynamowj  Fig.  695,  589).  Fruit  a  pod 
(called  a  silique  when  much  longer  than  broad,  or  a 
iiUcle  when  short.  Fig.  703),  which  is  two-celled 
by  a  membranous  partition  that  unites   the  two  '*' 

marginal  placentae,  from  which  the  two  valves  usually  fall  away. 
Seeds  with  no  albumen :  embryo  with  the  cotyledons  folded  on  the 
ndide. — Ex.  The  Water-Cress,  Radish,  Mustard,  Cabbage,  &c 
A  very  natural  order,  perfectly  distinguished  by  having  six  tetra- 
dynamous  stamens  along  with  four  petals  and  four  sepals,  and  by  the 


FIO.  094.  Flower  of  MoBtaxd.    686.  Th*  tUmeu  and  pbtU. 
33* 
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peculiar  pod.  The  peculiarity  of  the  stamens  is  explmned,  mA 
the  singular  symmetry  of  the  flower  illustrated,  on  p.  243.  AIL 
these  plants  have  a  peculiar  volatUe  acridity  (and  often  ao  ethe- 
real oil,  which  abounds  in  sulphur)  dispersed  through  every  pArt, 
from  which  they  derive  their  peculiar  odor  and  sharp  taste,  snd 
their  stimulant,  mbefkcient,  and  antiscorbutic  properties.  The  roots 
of  some  perennial  species,  sndi  as  the  Horseradish,  or  the  seeds  of 
annual  species,  as^  the  Mustard,  are  used  as  ooodiments*  tn  some 
cultivated  plants,  the  acrid  principle  is  dispersed  among  abundance 
of  saccharine  and  mudlaginous  matter^  aflbrding  wholesome  (bod; 
as  the  root  of  the  Turnip  and  Radish,  and  the  leaves  and  stalks 


of  the   Cabbage    and    Cauliflower.     None   are   really   poisonous 
plants,  although  some  are   very  acrid.     Several   species   are  in 

no.  686.  A  Cmeifefoiu  floww.  S97.  Th«  mum,  with  tiMcalTzaad  eotoIlAi«inoT«il,iliov- 
ing  the  tattmdyiuunoiu  staiiMiui.  606.  SUtque*  of  Antbia  Canadentis ;  od«  of  them  with  on*  of 
the  ralrm  delMbed.  showing  the  eeeds  lying  on  the  fUee  pertition ;  the  other  TalTeeleoftUaf 
awaj.  609.  A  WM^ifled  cioei  eectlon  «f  one  of  the  winged  eeeds,  showing  the  eBibfyo  «itk 
the  radiele  applied  to  the  edge  of  the  ootjledons  (cotyledons  aeamthenl).  700  The  cnbrTO 
detnehed.  70L  The  xMeme  of  Dvaba  Terna,  fai  fhiit.  TOt.  A  erose-esetkm  of  one  of  Oie  liV- 
cfef,  magnified,  exhibiting  the  parietal  insertion  of  the  seeds,  and  the  fklse  partition  708.  A 
slllele  of  Shepherd's  Parse  (Captella  llursa  Pastoris).  704  The  seme,  wieh  one  of  the  boel- 
shaped  TalTes  remored,  praeenting  a  longitodinal  Tiew  of  the  narrow  partition,  kt,  70S.  A 
magnified  eroes-eeetlon  of  one  of  the  seeds,  showing  the  embryo  with  the  rsdkle  applied  to  tbs 
side  of  the  cotyledon  (cotyledons  ineumbent). 


Digitized  by 


Google 


EXOOKNOVS   OR  DICOTYLEDONOUS   PLANTS.  %dl 

cultiyation,  for  their  beauty  or  fVagranoe ;  such  as  the  Wall-fk>wer, 
Stock,  <&c 

754.  Ord«  CappaiidaceS  (Caper  Family),  Herbsy  or  m  the  tropics 
often  shrubs  or  trees ;  differing  from  CrudfenB  in  the  one-celled  pod 
(which  is  oflen  stalked)  being  destitute  of  any  false  partition ;  in  the 
kidnej^shaped  seeds;  and  in  the  stamens,  which,  when  six,  are 
scarcely  tetradynamous,  and  are  oflen  more  numerous.  —  JEx.  Cie- 
ome,  Polanisia,  Gynandropsis ;  chiefly  tropical  or  subtropical 
Many  have  the  pungency  of  Cruciferao,  but  are  more  acrid.  Capers 
are  the  pickled  flower-buds  of  Capparis  spinosa  of  the  Levant,  &c. 
The  roots  and  herbage  or  bark  are  bitter,  nauseous,  and  sometimes 
poisonous. 

nt  701 


755.  Ord.  Resedaees  {MlgnmetU  Family).  Herbs,  with  a  watery 
juice,  and  alternate  leaves  without  stipules,  except  a  pair  of  glands 
be  so  considered :  the  flowers  in  terminal  racemes,  small,  and  oflen 
fragrant.  —  Calyx  persistent,  of  four  to  seven  sepals,  somewhat 
united  at  the  base.  Corolla  of  two  to  seven  usually  unequal  and 
lacerated  petals,  with  broad  or  thickened  claws  (Fig.  377).  A 
fleshy  disk  is  commonly  present,  enlarged  posteriorly  between  the 
petals  and  the  stamens,  and  bearing  the  latter,  which  vary  from 
three  to  forty  in  number,  and  are  not  covered  by  the  petals  and 
sepals  in  the  bud.  Fruit  a  one-celled  pod,  with  three  to  six  parietal 
placentas,  three  to  six-lobed  at  the  apex,  where  it  opens  along  the 

TIQ.  708.  Plover  of  OynandroiMia.  707.  Flower  of  PolanMa  gntTttnleos.  708.  Fructified 
OTvy  of  the  Mune,  a  portion  cut  amy  by  a  rertioal  and  horiaontal  nectinn,  to  Phow  the  single 
ctU  aad  two  parietal  placentas.  709.  Croae-eection  of  the  oyafjr.  710.  Section  of  the  wed  and 
embiyOb 
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inner  sutures,  usually  long  before  the  seeds  are  ripe.  Seeds  seraral 
or  manj,  curved  or  kidney-shaped,  with  no  albumen ;  the  embryo 
incurved.  —  Ex.  The  common  representatives  of  this  order  are  the 
Mignonette  (Reseda  odorata),  prized  for  its  fragrant  flowers,  and 
the  Weld  (R.  Luteola),  which  yields  a  poor  dye. 

756.  Ofd.  FlaeonrtiaeeS,  a  group  of  tropical  shrubs  and  trees, 
placed  in  this  vicinity,  is  best  known  by  Bixa  Orellana,  which  yields 
AmattOy  the  orange-red  dried  pulp  of  the  pod,  sorroundiiig  the 


757.  Ord.  Tiolaees  (  Violet  Family).  Herbs  (in  tropical  countries 
sometimes  shrubby  plants),  with  mostly  alternate  simple  leaves,  on 
petioles,  furnished  with  stipules ;  and  irregular  flowers  (Fig.  89fi, 
397).  Calyx  of  five  persistent  sepals,  oflen  auricled  at  the  base. 
<])orolla  of  ^ve  unequal  petals,  one  of  them  larger  than  the  others 
and  conunonly  bearing  a  spur  or  a  sac  at  the  base :  nstivation  imhri- 


cative.  Stamens  five^  with  short  and  broad  filaments,  which  are 
usually  elongated  beyond  the  (adnate  introrse)  anthers ;  two  of 
them  commonly  bearing  a  gland  or  a  slender  appendage  which  is 
concealed  in  the  spur  of  the  corolla :  the  anthers  approaching  each 
other,  or  united  in  a  ring  or  tube.     Style  usually  turned  to  one  side 

FTO.  711.  TioU  ragittaCa.  712.  One  of  the  stameiu  wICIiout  sppendagiB,  iral  tttm  wNhk ; 
And  one  furnished  with  a  ppar-IIke  appendage  on  the  back.  712^.  A  capitole  which  has  opfloed 
and  ceparated  into  three  Talvee }  the  calyx  still  persistent.  712'.  A  vertical  notion  of  Mm 
seed  and  embryo. 
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and  thickened  at  the  apex.  Fruit  a  one-celled  capeule,  opening  by 
three  yalves,  each  bearing  a  parietal  placenta  on  its  middle.  Seeds 
sereral  or  numerous,  anatropous,  with  a  crustaceous  integument,  and 
a  straight  embryo,  nearly  the  length  of  the  fleshy  albumen  (Fig.  C04» 
605).  —  Ex,  The  Violet  is  the  principal  genus  of  this  order ;  some 
species,  like  the  Pansy,  are  cultivated  for  the  beauty  of  their  flow- 
ers ;  others,  for  their  delicate  fragrance.  The  roots  of  all  are  acrid« 
and  emetic  Those  of  some  South  American  species  of  lonidium 
fiimish  a  part  of  the  Ipecacitan/ia  of  commerce* 

758.  Ord.  Clsltees  {RochRo$e  Family).  Low  shrubby  plants  or 
herbs,  with  simple  and  entire  leaves  (at  least  the  lower  opposite). 
Calyx  of  five  persistent  sepals ;  the  three  inner  with  a  convolute 
sstivation ;  the  two  outer  small  or  sometimes  wanting.  Corolla  of 
five,  or  rarely  three,  regular  petals,  convolute  in  lestivation  in  the 
direction  contrary  to  that  of  the  sepals,  often  crumpled,  usually 
ephemeral,  sometimes  wanting,  at  least  a  portion  of  the  flowers* 
Stamens  few  or  numerous,  distinct,  with  short  innate  anthers.     Fruit 


a  one-celled  capsule  with  parietal  placentss,  or  imperfectly  three  to 
five-celled  by  dissepiments  arising  from  the  middle  of  the  valves 
(dehiscence  therefore  loculicidal),  and  bearing  the  placentae  at  or  near 
the  axis.     Seeds  few  or  numerous,  mostly  orthotropous,  with  mealy 

no.  713.  TIm  Roek-RoM,  HeUanthemam  CvaaAmm.  714.  Flower  fVtHa  which  the  petals 
|ad  •ttmeiie  have  Ikllen.  716  Magnified  crow  eectioa  of  tha  oraxy  ;  with  a  single  stamen, 
rttowlDg  its  hjpogynous  insertion.  716  Cross-section  of  a  capsule,  locullcldally  dehiscent ; 
the  seeds  therefore  home  on  the  middle  of  each  voire.  717.  An  OTuJe.  718.  Plan  of  tha 
flower.    719.  Section  of  a  seed,  showing  the  carved  embryo.        ^ 
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Albumen.  Kmbrjo  curved,  or  varknuty  eoiied  op  bent. — Ex.  Cisius, 
Helianthemum :  a  small  family ;  the  flowers  often  showy.  No  im- 
portant properties.  Several  exude  a  balsamic  resin,  such  as  Lada- 
num  from  a  Cistus  of  the  Levant 

759.  Ord.  Dronraeett  {Sundew  Family).  Small  herbs,  growing  in 
swamps,  usually  covered  with  gland-bearing  hairs ;  with  the  leaves 
rolled  up  from  the  apex  to  the  base  in  vernation  (circinnate)  :  stip- 
ules none,  except  a  fringe  of  hairs  or  bristles  at  the  base  of  the 
petioles.  Calyx  of  five  equal  sepals,  persistent  Ccmlla  of  five 
i^gular  petals,  withering  and  persistent,  convdute  in  lestivatioiL 
Stamens  as  many  as  the  petals  and  alternate  with  them,  or  some- 
times two  or  three  times  as  many,  distinct,  withering ;  anthers  ex- 
trorse.  Styles  three  to  five,  distinct  or  nearly  so,  and  each  two- 
parted  (so  as  to  be  taken  for  ten  styles.  Fig.  510),  and  these  divis- 
ions sometimes  two-lobed  or  many-deft  at  the  apex.  Fruit  a  one- 
celled  capsule,  opening  loculicidaUy  by  three  to  five  valves,  with 
tiiree  to*  five  parietal  placentae ;  in  Dionsea  membranaceous,  borstn 
ing  irregularly,  and  with  a  thick  placenta  at  the  base.  Seeds  usu- 
ally numerous.  Embryo  small,  at  the  baise  of  cartilaginous  or  fleshy 
albumen.  —  Ex.  Drosera,  the  Sundew ;  and  Dlonaea  (Venus's  Fly- 
trap, Fig.  297,  298),  so  remarkable  for  its  sensitive  leaves,  which 
suddenly  close  when  touched.  The  styles  of  the  latter  are  all  united 
into  one. 

760.  Ord.  ParnaiUliaces  is  for  the  present  made  for  the  genus  Far- 
nassia,  which  was  fminerly  appended  to  Droseracese  (for  no  good 
reason),  and  has  since  been  placed  by  some  next  to  Hypericacese,  by 
others  referred  to  Saxifragacete.  It  is  remarkable  for  having  the 
four  or  ^YQ  stigmas  situated  directly  over  the  parietal  placentie  (p. 
294,  note),  aiid  for  the  curious  appendages  resembling  sterile  sta- 
mens before  each  petal  (Fig.  380,  381). 

761.  Ord.  HyperieaeeS  {St.  Johnswort  Famify).  Shrubs  or  herbs, 
with  a  resinous  or  limpid  juice,  and  opposite  entire  leaves,  destitute 
of  stipules,  and  punctate  with  pellucid  or  blackish  dots.  Fbwers 
regular.  Calyx  of  four  or  five  persistent  sepals,  the  two  exterior 
often  smaller.  Petals  four  or  ^ve^  convcdute  in  aestivation,  oflen 
beset  with  black  dots.  Stamens  commonly  polyadelphous  and  numer- 
ous. Ovary  one-celled  with  parietal  placentae,  or  4--5-celled  (Fig. 
375,  497,  498,  508,  509).  Capsule  with  septiddal  dehiscenoe  (Fig. 
582),  many-seeded.  —  Ex.  Hypericum  (St  Johnswort)  is  the  type 
of  this  small  family.     Embryo  straight ;    albumen  little  or  none. 
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The  plants  jieM  a  resinous  acrid  juice,  and  a  bitter,  balsamic  «x^ 
tnctive  maUer. 


f 


m  7x1 

762.  Ord.  EtartiiaceS  ( Waterwori  Family).  Small  annual  weeds 
with  membranaceous  stipules  between  the  opposite  leaves,  and  mi- 
nute axillary  flowers.  Sepals  and  petals  three  to  five.  Stamens  as 
manj  or  twice  as  manj  as  the  petals,  distinct.  Capsule  2  —  5-celled, 
septicidal  or  septifragal ;  the  numerous  seeds  attached  to  a  persist- 
ent central  axis.  Albumen  none.  —  Ex.  Elatine  is  the  type  of  this 
order,  containing  a  few  insignificant  weeds. 

763.  Ord.  Caiyophyllacett  (Pink  Fcuntfy).  Herbs,  with  opposite 
entire  leaves;  the  stems  tumid  at  the  nodes.  Flowers  regular* 
Cal jx  of  four  or  five  sepals.  Corolla  of  four  or  five  petals,  or 
sometimes  wanting.  Stamens  as  many,  or  conmionlj  twice  as  many, 
as  the  petals,  sometimes  reduced  to  two  or  three.  Styles  two  to 
five,  stigmatose  down  the  inside.  Ovary  mostly  one-celled,  with  a 
central  or  basilar  placenta,  forming  a  pod  in  fruit.  Embryo  periph- 
eric, curved  or  coiled  around  the  outside  of  mealy  albumen  (Fig. 
620,  621,  726).  —  There  are  ^ve  principal  suborders,  viz. :  — 

764.  Sabord.  SileneS  (Pink  Family  proper)  ;  in  which  the  sepals: 
are  united  into  a  tube,  and  the  petals  (mostly  convolute  in  aestiva- 
tion) and  stamens  are  inserted  on  the  stipe  of  the  ovary,  the  former 
with  long  claws  (Fig.  432,  449),  and  there  are  no  stipules.— r-j&Lr. 
Silene,  Dianthus  (Pink,  Carnation). 

705.  Sabord.  AltineS  (Ckickweed Family);  in  which  there  are  no 

no.  720.    nyperienm  perfbrmtom  (St  Johnswort).     TZl.    Ito  triearpellaiT'  plitlL    722. 
Crow  ■action  of  tha  eapsole.    723.  Vtrtieal  lectioa  of  a  Ned  and  it*  tmbryo. 
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BtipuleSy  the  oraiy  is  sessile,  thd  sepals  and  petals  (imlHicated  m* 
sestivation)  are  nearlj  or  quite  distinct ;  the  petals  destitute  of  daws; 
and  the  stamens  are  inserted  into  the  margin  of  a  small  hypogjrnaas 
disk,  which,  however,  occasionallj  coheres  with  the  base  of  the  calm 
and  becomes  perig}rnous.  —  JSx,  Stellaria,  Arenaria,  &c  (QmS 

weeds).  Some  are 
omampental;  others, 
such  as  the  commoa 
Chickweed,  are  in- 
significant VfiC&S. 

766.  taboid.  me- 

CeblfS  (Knotufort 
Family)  \  differing 
from  the  last  main- 
ly in  having  «ca- 
rious  stipules ;  the 
sepals  often  united 
below ;  the  i>eta]8 
often  wanting  or  m- 
dimentaiy ;  the  Ma- 
mens  manifestly  pe- 
rigynoos ;  and  the 
fruit  more  commonly 
a  one-seeded  utride  —  Ex,  Paronjchia  and  Anydiia.  Spei^la  had 
conspicuous  petals,  and  manj-seeded  capsules ;  and  so  difiers  from 
Alsineas  only  in  its  stipules.    Insignificant  weeds. 

767.  8abord.  Scrennthes  {Knawel  Family)  is  like  the  last,  onlj 
there  are  no  stipules.  —  Fx.  Sclera&thus. 

768.  Snbord.  Hollagiaes  {Carpet-weed Family)  is  apetaloas  with- 
out stipules,  and  has  the  stamens  alternate  with  the  sepals  whai  of 
the  same  number ;  thus  effecting  a  transition  to 

769.  Ord,  PortalaeaeeS  {Purshne  FamUy),  Succulent  or  fieshy 
herbs,  with  entire  exstipulate  leaves  and  usually  ephemeral  flowers. 
Calyx  mostly  of  two  or  three  sepals,  sometimes  cohering  with  die 
base  of  the  ovary.  Petals  five,  or  rarely  more  numerous,  sometiaies 
none.  Stamens  variable  in  number,  but  when  equal  to  the  petals 
situated  opposite  them.     Styles  two  to  eight,  united  below.    Capsule 


FIG.  734.  MoehringU  Iftteriflon.  725  A  magnMled  floww.  796.  MagDlflcd  Metfen  cTt 
•bed,  Bh<»wiDg  tbt  embryo  eoiled  Into  m  xinf  avoujid  the  f^»fflTwn-  727.  Verttal  laettetf * 
pbtU  of  SpetynlarU. 
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^irbk  few  or  nmneroas  seeds,  attached  to  a  central  basilar  placenta, 
often  bj  slender  funiculi.  Seed  and  embryo  as  in  Carjophyllaceie. 
—  JBc.  Fortulaea  (Purriane,  Fig.  889,  588)  Claytonia.  Chiefly 
natives  of  dry  places  in  the  warmer  parts  of  the  world;  except 
(3aytonia.  Insipid  or  slightly  bitter:  several  are  pot-herbs,  as  the 
Purslane.     Some  are  ornamental*    The  farinaceous  root  of  Lewisia 


^^  @  © 
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Tediyira,  a  native  of  the  dry  interior  plains  of  Oregon,  is  an  import 
lant  artade  of  food  with  the  natives. 

770.  OnU  JkumbfftaiiJKmA9m  (Ftff'Man^  consists  of 
sttoculent  plants,  with  showy  flowers  opening  only  under  bright  sun>- 
shine,  containing  an  indefinite  number  of  petab  and  stamens^  and  a 
many-c^ed  and  many-«eeded  capsule :  otherwise  nnich  as  in  Caryo- 
j^yllaceae.-— ^.  Mesembryanthemum  (Fig-Marigold,  Ice-plant); 
chiefly  natives  of  the  Cape  of  Good  Hope,  flourishing  in  the  most 
urid  situations. 

771.  Ori.  laliaces  {MdOow  Family).  Herbs,  shrubs,  or  rarely 
^b-ees.  Leaves  alternate,  pahnately  veined,  with  stipules.  Flowers 
<fegii]ar,  often  with  an  involucel,  forming  a  double  calyx.  Calyx 
mostly  of  five  sepals,  more  or  less  united  at  the  base,  valvate  in 

FIG.  72S.  Flower  of  the  PonlaiM ;  the  calyx  eat  away  at  the  point  where  It  adheres  to  the 
OTBiy,  and  laid  open.  729.  A  capeule  (pjzis)  of  the  laine,  transTenely  dehiscent.  780.  Clay- 
toiria  VifglBlea  (Sprinf^Beanty).  781.  Diagnun  of  the  flower.  782.  Yoosg  fruit  and  the  per- 
iisleDt  twO'lea;ted  calyx.  788.  Section  of  the  dehiscing  eapeola.  78i.  ▲  seed.  78&.  The 
,  vertical^  dirlded.  786.  The  embiyo,  detached. 
34 
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aestivation.  Petals  as  many  as  the  sepals,  convolute  in  fl»tiTidron| 
hjpogynous.  Stamens  indefinite,  monadelphous,  united  with  the 
claws  of  the  petals :  anthers  reniform,  eonfluently  one-celled.  PoUen 
hispid  (Fig.  483).  Ovaiy  several-celled,  with  the  placentte  in  the 
axis;  or  ovaries  several  Fruit  capsular,  or  the  carpels  separate 
or  separable.  Seeds  with  a  litde  mucilaginous  or  fleshy  albumeii. 
Embryo  large,  with  foliaceous  cotyledons,  variously  incurved  or 


780  7M       TW  Til  7lt 

folded.  —  Ex.  Malva  (Mallow),  Althsea  (Holljrhock),  Gossypium 
(Cotton),  &c :  a  rather  large  and  important  family,  the  herbage, 
dec  commonly  abounding  in  mucilage,  and  entirely  destitute  of  un- 
wholesome qualities.  The  unripe  fruit  of  Abelmoschus  or  Hibiscus 
esculentus  (Okra)  is  used  in  soups.  Althsea  officinalis  is  the  Marsh 
-Mallow  of  Europe,  the  Guimauve  of  the  French.  The  tenacious 
inner  bark  of  many  species  is  employed  for  cordage.  Cotton  is  the 
hairy  covering  of  the  seeds  of  Gossypium :  the  long  and  slender 
tubes,  or  attenuated  cells,  collapse  and  twist  as  the  seed  ripens, 
which  renders  the  substance  capable  of  being  spun.  Cotton-seed 
yields  a  good  fixed  oiL  Some  species  are  cultivated  for  ornament. 
772.  Ord.  ByttneriaeeiD  is  distinguished  from  the  foregoing  by  its 
usually  definite  stamens,  and  the  two-celled  anthers  (the  cells  par* 
allel),  with  smooth  pollen. — ^A  Melochia  and  a  Hermannia  are 
found  in  Texas.  The  rest  of  the  order  is  tropical  or  subtropical 
Chocolate  is  made  of  the  roasted  and  comminuted  seeds  of  Theo* 
broma  Cacao  (a  South  American  tree),  mixed  with  sugar,  amottfl^ 
vanilla,  and  other  ingredients.  The  roasted  integuments  of  the  seedi^ 
also,  are  used  as  a  substitute  for  oofiee. 

no,  787.  The  Mush  BfaUow  ( AlChasa  offlcliuUU).  738.  One  of  the  kida^-eheped  omtAi 
anthers,  magnifled.  789.  The  pUUU,  megolAed.  740.  Cepsale  of  mbiaeua  lloeehi«tOi|  vlth 
the  penbteat  aOjrx  and  inroluoeL    74L  The  aeme,  kcuUddil^  dthlaoeot 
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773.  Ofd.  8tereilliaee«i  very  closely  allied  to  the  last  two,  and  con- 
sisting  of  tropical  trees,  possesses  the  same  mucilaginous  properties 
(as  well  as  oily  seeds),  with  which  bitter  and  astringent  qualities  are 
often  combined.  The  seeds  of  Bombax,  the  Silk-cotton  tree,  are 
enveloped  in  a  kind  of  cotton,  which  belongs  t*  the  endocarjx  and 
not  to  the  seed ;  and  the  hairs,  being  perfectly  smooth  and  even,  can- 
not be  spun.  Canoes  are  made  from  the  trunk  of  the  huge  Bombax 
Ceiba,  in  the  West  Indies.  To  this  order  belongs  the  famous 
Baobab,  or  Monkey-bread,  of  Senegal  (Adansonia  dlgitata),  some 
trunks  of  which  are  from  sixty  to  eighty  feet  in  circumference  I 
The  fruit  resembles  a  gourd,  and  serves  for  vessels;  it  contains  a 
subacid  and  refrigerant,  somewhat  astringent  pulp ;  the  mucilagi- 
nous young  leaves  are  also  used  for  food  in  time  of  scarcity ;  the 
dried  leaves  (Laki)  are  ordinarily  mixed  with  food,  and  the  bark 
furnishes  a  coarse  thread,  which  is  made  into  cordage  or  woven  into 
cloth.  Cheirostemon  platanoides  is  the  remarkable  Hand-flower 
tree  of  Mexico.  A  plant  of  the  family  (Fremontia,  Torr^  nearly 
allied  to  Cheirostemon  has  been  found  in  California,  by  Fremont. 

774.  Ord.  TiUaees  {Linden  Family).  Trees  or  shrubby  plants^ 
with  alternate  leaves^  furnished  with  deciduous  stipules,  and  small 


flowers.     Calyx  deciduous.     Petals  sometimes  imbricated  in  aestiva- 

FIQ.  742.  Fkmarlnc  bnneh  of  Tilla  Amerkan*,  the  eomiiKm  Ain«rlean  Linden ;  the  flowei<> 
■tmlk  cohering  with  Um  bnet.  743.  One  of  the  cliuten  of  stunent  adhering  to  the  petaloid 
Kale.  744.  The  piatil.  746.  Croes-nctioa  of  the  Thilt,  whieh  has  beeoiae  ono-oeUed  by  tha 
obliteration  «f  the  partitfame,  and  one-ieeded.  746  Vertical  section  of  the  aeed,  magnified,  to 
■how  ttie  large  embryo  with  its  tiper  radicle  and  follareoue  crumpled  cotyledons.  (A  better 
section  of  the  seed,  cut  in  the  direction  acroes  the  cotyledons,  is  shown  in  Fig.  &99.)  747. 
Disgtam  of  the  flowar. 
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tion.  Stamens  indefinite,  often  in  three  to  five  dusters,  dlstincC  or 
somewhat  united,  one  of  each  parcel  often  transformed  into  a  peta* 
loid  scale  (Fig.  383,  743) :  anthers  two-celled.  Styles  united  into 
one.  Fruit  two  to  five-celled,  or,  bj  obliteration,  <me-GeUed  when 
ripe.  In  other  respects  nearly  as  in  Malvacese.  —  Tilia,  the  Linden, 
or  Lime-Tree,  represents  the  order  in  northern  temperate  regions ; 
the  other  genera  are  tropical  All  are  mucilaginous,  with  a  tough 
fibrous  inner  bark.  From  this  hast  or  bass  of  the  Linden,  the  Rus- 
sian mats,  <&c.  are  made,  whence  the  name  of  Basswood.  Gunnj- 
bags  and  fishing-nets  are  made  in  India  from  the  bark  of  Corchoms 
capsularis ;  the  fibre  of  which,  called  Juief  is  spun  and  woven.  The 
light  wood  of  the  Linden  is  excellent  for  wainscoting  and  carv- 
ing :  its  charcoal  is  used  for  the  manufacture  of  gunpowder.  It  is 
said  that  a  little  sugar  may  be  obtained  from  the  sap :  and  the  honey 
made  from  the  odorous  flowers  is  thought  to  be  the  finest  in  the 
world.  The  acid  berries  of  Grewia  sapida  are  employed  in  the 
East  in  the  manufacture  of  sherbet. 

775.  Ord.  DipterocarpeSy  allied  in  some  respects  to  Tiliaceie,  con- 
sists of  a  few  tropical  Indian  trees,  with  a  resinous  or  balsamic  juice. 
Dryobalanops  aromatica,  a  large  tree  of  Sumatra  and  Borneo,  yieUi 
in  great  abundance  camphor  oil  and  solid  camphor :  both  are  found 
deposited  in  cavities  of  the  trunk.  It  is  more  solid  than  conunon 
camphor,  and  is  not  volatile  at  ordinary  temperatures.  It  bears  a 
high  price,  and  is  seldom  found  in  Europe  or  thb  country,  bat  is 
chiefly  carried  to  China  and  Japan.  Shorea  robusta  yields  the 
Dammer-pitch,  Yateria  Indica  exudes  a  kind  of  copal,  the  Gum 
Animi  of  commerce ;  and  a  somewhat  aromatic  fatty  matter,  called 
Piney  Tallow,  is  derived  fit>m  the  seeds. 

776.  Ord.  GattiftrS,  or  CInsiaeeS,  consists  of  tropical  trees,  with  a 
yellow  resinous  juice,  opposite  and  coriaceous  entire  leaves,  and 
large  flowers  with  many  stamens,  little  distinction  between  the 
sepals  and  petals,  no  styles,  an  indehiscent  fruit,  and  seeds  with  a 
peculiar  undivided  fleshy  embryo.  It  has  been  associated  with  Hy- 
pericaces,  but  is  more  related  to  the  ensuing  families.  The  resin- 
ous juice  is  acrid  and  drastic ;  that  of  a  Ceylonese  tree  of  the  order 
yields  Gamboge*  It  is  remarkable  that  such  an  wder  should  pro- 
duce one  of  the  most  esteemed  fruits,  viz.  the  Mangosteeriy  yielded  hy 
Garcinia  Mangostana  of  Malacca,  and  also  the  Mammee-appk,  isc 

111.  Ord.  Camelliaeeec  {Camellia  or  Tea  Family).  Trees  or  shrubs, 
with  a  watery  juice,  alternate  simple  leaves  without  stipules,  ami 
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large  and  showy  flowerg.  Calyx  of  three  to  seven  coriaceous  and 
concaTe  imbricated  sepals.  Petals  five  or  more,  imbricated  in  aesti- 
TXtion.  Stamens  hypogynous,  indefinite,  monadelphous  or  polyadel- 
phous at  the  base.  Capsule  dehiscent,  several-celled,  usually  with  a 
central  cohnnn.  Seeds  few  in  each  cell,  large,  often  winged,  with 
or  without  albumen.  — ^  The  Camellia  and  the  closely  related  Tea- 
plant  form  the  type  of  this  family,  to  which  belong  our  Gordonia 
and  Stuartia.  The  leaves  of  Tea  contain  a  peculiar  extractive  mat- 
ter, and  an  ethereal  oil ;  its  moderately  stimulant  properties  are 
said  to  become  narcotic  in  very  hot  climates. 

778.  Ord.  Tmutnenlacen,  chiefly  tropical,  with  which  the  last  has 
been  confounded,  by  its  aspect,  its.  commonly  polygamous  flowers, 
and  more  or  less  gamopetalous  corolla,  &c^  appears  on  the  whole 
to  be  more  allied  to  the  Ebenacese  and  Symplocineo^ 

779.  Ord.  iarantlaees  (Orange  Family),  Trees  or  shrubs,  with 
alternate  leaves  (compound,  or  with  jointed  petioles),  destitute  of 
stipules,  dotted  with  pellucid  glands  full  of  volatile  oil.  Flowers 
fragrant  Calyx  short,  urceolate  or  campanulate.  Petals  three  to 
five.  Stamens  inserted  in  a  single  row  upon  a  hypogynous  disk 
(Fig.  434),  often  somewhat  monadelphous  or  polyadelphous.  Stylo 
cylindrical.  Fruit  a  many-celled  berry,  with  a  leathery  rind,  filled 
with  pulp.  Seeds  without  albumen.  —  Ike.  Citrus,  the  Orange  and 
Lemon.  •■  Nearly  all  natives  of  tropical  Asia ;  now  dispersed  through- 
out the  warmer  regions  of  the  worlds  and  cultivated  for  their  beauty 
and  fragrance,  and  for  their  grateful  fruit  The  acid  of  the  Lemon, 
Lime,  ^bc.  is  the  ci^c  and  the  malic.  The  rind  abounds  in  a  vola- 
tile oil  (such  as  the  (HI  of  Berffamoi  from  C.  Lime tta),  and  an  aro- 
matic, bitter  principle. 

780.  Ord.  Heliaceif  •  Trees  or  shrubs,  with  alternate,  usually  com- 
pound leaves,  destitute  of  stipules.  Calyx  of  three  to  ^ve  sepals. 
Petals  three  to  five.  Stamens  twice  as  many  as  the  petals,  mona- 
delphous, inserted  with  the  petals  on  the  outside  of  an  hypogynous 
disk ;  the  anthers  included  in  the  tube  of  filaments.  Ovary  several- 
celled,  with  one  or  two  ovules  in  each  cell :  styles  and  stigmas  united 
mto  one.  Fruit  a  drupe^  berry,  or  capsule;  the  cells  one-seeded. 
Seed^  without  albumen,  wingless.  —  -Er.  Melia  Azedarach  (Pride  of 
India),  naturalized,  as  an  ornamental  tree,  in  the  Southern  States. 
An  acrid  and  bitter  principle  pervades  this  tropical  order. 

781.  Ord.  CedrelaeeS  {Mahogany  Family).  Trees  (tropical  or 
Australian),  with  hard  and  durable,  usually  fragrdnt  and  beautiful 
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wood ;  differing  botanically  from  Meliacese  chieflj  by  their  capsular 
finiit,  with  several  winged  seeds  in  each  cell.  —  Ex.  The  Mahogamf 
(Swietenia  Mahagoni)  of  tropical  America,  reaching  to  East  Flor- 
ida. Bark,  &c.  bitter,  astringent,  tonic,  often  aromatic  and  febrifugal 
782.  Ord.  LinaeeS  {Flax  Family).  Herbs,  with  entire  and  sessile 
leaves,  either  alternate,  opposite,  or  verticillate,  and  no  stipules,  ex- 
cept minute  glands.  Flowers  regular  and  symmetricaL  Calyx  of 
three  or  five  persistent  sepals,  strongly  imbricated.  Petals  as  many 
as  the  sepals,  convolute  in  Aestivation.  Stamens  as  many  as  the 
petals,  and  usually  with  as  many  intermediate  teeth  represendng  an 
abortive  series  (Fig.  428),  all  united  at  the  base  into  a  ring,  hypogj- 


nous.  Ovary  with  as  many  styles  and  cells  as  there  are  sepals, 
each  cell  with  two  suspended  ovules ;  the  cells  in  the  capsule  each 
more  or  less  divided  into  two,  by  a  false  par- 
tition which  grows  from  the  back  (Fig.  750) ; 
the  spurious  cells 
one-seeded.  Em- 
r'  ^^^/^/ j  Wo  straight: 
>\^^yV  cotyledons  flat, 
fleshy  and  oily, 
surrounded  by  a 
thin  albumen.  —  Ex.  Linum,  the  Flax.  The  tough  woody  flbreof 
the  bark  {flax)  is  of  the  highest  importance:  tlie  seeds  yields 
copious  mucilage,  and  the  flxed  oil  expressed  from  tliem  is  applied 
to  various  uses  in  the  arts.  The  general  plan  of  the  flower  is  the 
same  in  the  succeeding  orders. 


IIQ,  748.    Flowen  of  the  eommon  Ftez.    749.  Vertical  Mctkm  ofa  flower.    TSOi  1 
of  the  same,  in  a  trantrene  wctlon.    751.  lU  10<«Iled  eaprala  innsfwaAj  divkML   7E1 
Similar  lecUoa  of  the  ineompletely  10-oeUed  eaprale  of  linam  peteom. 
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783.  Ord.  Geniniaeen  {CraneMU  F<xmUy).  Herbs  or  shrubby 
plants,  commonlj  strong-scented  ^  with  pahnatelj  veined  and  usually 
lobed  leaves,  mostly  with  stipules;  the  lower  opposite.  Flowers 
regular.  —  Calyx  of  five  persistent  sepals,  imbricated  in  aestivation. 
Petals  ^v^  with  claws,  mostly  convolute  in  aestivation.  Stamens  10, 
the  five  exterior  hypogynous,  occasionally  sterile ;  the  filaments  all 
broad  iemd  oflen  united  at  the  base ;  five  glands  within  and  alternate 
with  the  petals.  Ovary  of  five  two-ovuled  carpels,  attached  to  the 
base  of  an  elongated  axis  (gynobcuBj  Fig.  430,  431)  to  which  the 
styles  cohere :  in  fruit  the  distinct  one-seeded  carpels  separate  frcnn 
the  axis,  by  the  twisting  or  curling  back  of  the  persistent  indurated 


styles  from  the  base  upwards.  Seeds  with  no  albumen  .'cotyledons 
convolute  and  plaited  together,  bent  on  the  short  radicle.  For  the 
plan  of  the  blossom  see  p.  264,  and  Fig.  421.  Our  cultivated 
Geraniums,  so  called,  from  the  Cape  of  Good  Hope,  are  species  of 
Pelargonium.  The  roots  are  simply  and  strongly  astringent  The 
foliage  abounds  with  resinous  matter  and  an  ^ethereal  oil,  on  which 
the  aroma  depends. 

784.  Old.  BalsaminaecaB  (i%z&am  Family).  Annual  herbs,  with 
succulent  stems  filled  with  a  watery  juice.  Leaves  simple,  without 
stipules.  Flowers  irregular,  and  one  of  the  colored  sepals  spurred 
or  saccate.      Stamens   five,  cohering  by  an  internal  appendage. 

TIO.  758.  Radical  leaf  of  Geraolam  maraUtom  (CxmoeiAiai).  754.  A  flowering  biaaoh. 
755.  A  flower  with  the  ealjrz  aod  corolla  removed,  showiog  the  stainens,  he.  756.  The  pistil 
la  fhiH ;  the  Indorated  •tjriet  eeparating  below  ttota  the  prolonfsd  azin,  and  earring  haek 
^Itttlcally,  canyiog  with  them  the  membranoiu  carpels.  757.  A  magnified  seed.  758.  A 
crofls.0eetion  of  the  nxa%  showlAg  the  foldod  and  eoiiTolate  oot^ledons. 
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Compound  ovaiy  five-eelled  i  sdginas  aesdle.  Capsule  bursting 
ekstically  by  five  ralv^s.  Seed»  soveral,  without  albuiae%  and  with 
a  thlek  stpaigkt  embt7o«<--'Jib^  Impatiens^  the  Balsam,  at  Toach- 
me^Dot.  Bemarkable  for  the  elastic  fbrce  with  which  the  eapsde 
bursts  in  pidoes^  and  expel»  the  seeds.  SeOKwhat  differentljrirreg^ 
ular  blossoms  are  presenled  by  the 

785.  Ord.  Tropsslacev  {fndian^Orem  or  NathtrHum  Fam^). 
Straggling  or  twiniBg  herbs,  with»  a  pungent  watery  juiee,  and  peltate 
or  palmate  leaves.  Flowers  k^gular.  Calyx  of  five  colored  ani 
anited  sepals,  the  lower  one  spurred.  Petals  five;  the  two  upper 
teising:  *  from  the  diroat  of  ^e  ealyx,  remote  from  the  three  kwer, 
which  are  stalked.  Stamens  eight,  unequal,  distinct.  Ovary  three- 
lobed,  composed  of  three  united  carpels ;  which  separate  from  the 
common  axis  when  ripe,  are  indehiscent,  and  one-seeded.  Seed 
filling  the  cell,  without  albumen :  cotyledons  very  large  ajud  thick. — 
£x.  Tropseolum,  the  Garden  Kasturtinm,  from  *  South  America, 
where  there  are  a  few  other  species,  one  of  which  bears  ediMe  tubers. 
They  possess  the  same  acrid  i»inciple  and  antiscorbutic  properdes 
as  the  CrucifbrsB.  The  unripe  fruit  of  Tropesolum  majus  is  pickled, 
and  used  as  a  substitute  for  capers. 

786.  Old.  Umnailfliaces  difiers  from  the  last  only  in  its  regular  and 
Sjrmmetrical  blossoms,  and  the  erect  instead  of  suspended  seeds ;  the 
calyx  valvate  in  sestivation.  —  J^.  Limnanthes  of  California  (some- 
times cultivated  as  an  ornamental  annual),  and  Floerkea  of  the 
Northern  United  States. 

787.  M.XifaiiilMm{Waod'So^  Low  berbs,  widi  aa 
add  juice,  mid  jdtemate  oompouad  leaves ;  the  leaflets  usually  ob- 
ocwdate.:  \F^wers  regulary^of  the  same-  geaaerai  structure  as  in  li- 
naceas,  &G.,!except  the  gynaeciunl,  which  in  fruit  forms  a  membra- 
naceous five^lobed  and  five^^eUed,  several-seeded  capsule.  Seeds 
witk  a  fieshy  outer  coat,  which  bursts  elastically  when  ripe,  with  a 
large  and  straight  embryo  in  thin  albumen.  —  Ex.  Qxalis,  Uie 
Wood-rSorrel.  The  herbage  is  sour,  as  the  name  denotes,  and  con- 
tains oxalic  acid.  Theibliage  is  remarloibly  sensitive  in  some  spe- 
cies^ .  The  tubers  of  some  South  American  species,  filled  with  starch, 
have  been  subsUtuted  for  potatoes. 

788.  Ord.  ZygopbrllaeeiB  differs  from  the  last  in  the  q)posite, 
mostly  abruptly  pinnate  leaves,  distinct  stamens  (the  filaments  com- 
monly furnished  with  an  internal  scale.  Fig.  379),  and  the  styles 
united  into  one. — Exu  Tribulus  and  Kallstrajmia  (introduced  into 
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the  Seathem  States)  are  exaHmminous ;  the  latter  is  10-coooous^ 
just  as  Lioum:  i«,  bj  a  false  partition.  Guaiacmn,  Larrea  (Creo- 
sote-plant o£  New  Mexico  and  Texas),  and  the  rest  of  the  family, 
hare  a  comeoos  albumen. .  Tlie  wood  ^f  Guaiacum  (JUgnum^4dUB) 
is  extremely  hard  and  heavj,  and  yields  a  gunMwsinous,  bitter,  and 
acrid  principle  (^Gum  Guaiaeum)^  well  known  in  medicine. 

789.  Ord«  SimindneeilD  {Quassia  Family),  of  tropical  shrubs  or 
trees,  resembles  the  last  in  •  generally  having  a  peouliar  scale  to  the 
filaments.  It  is,  however,  more  nearly  related  to  the  next  order, 
hut  its  apocarpous  ovaries  are  one-ovuled,  and  the  (mostly  coin^ 
poand)L  leaves  are  dotless.  The  wood,  &c  is  intensely  bitter  r  that 
of  Quassia  amara  is  used  as  a  stomachic  tonic.  Th^  seed  of  Oedron 
(Simaba  Cedron)  is  the  famous  antidote  for  the  bites  of  venomoua 
snakes  in  Central  America. 

790.  OnL  Bataees  {Rue  Family).  HeriiM,  shrubs,  or  trees;  the 
leaves  punctate  wiUi  pellucid  dots^  and  without  stipules.  Calyx  of 
fimr  or  £ve  eepals.    Petals  four  or  five,  or  rarely  noiiei.    Stamens 


as  many  or  twice  (rarely  three  limes)  as  many  as  the  petals,  insert^ 

no.  750.  A  flowmfng  bnuwh  of  Zuithoxylaiii  AnMrioMiiim  (th*  Northern  Prickly  Ash). 
T60.  A  piece  of  a  leaf,  to  show  the  pellucid  dots.  761.  Stamlnato  flower.  762.  A  plstiUake 
CowCT,  Um  npab  fprMd  open.  TVS.  Twooftbepiirtila;  omorilnmdlTMBdTirtieally  to«tew 
<be  OTQlce.  7M.  A  bruich  In  fruit.  76&.  One  of  the  dehlacent  pods,  and  the  seeO*  709.  Ver- 
tical iection  of  an  unripe  pod  and  need ;  the  latter  pendent  from  a  deeoending  fUnSculus,  ihow- 
bg  a  tlendcr  emtejo  In  eopiom  albumen. 
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ed  on  the  outside  of  m  hypogynous  disk.  Ovaiy  three-  to  fire-lobe^ 
three-  to  five-celled,  with  the  styles  united,  or  cKstinet  only  at  the 
base,  or  the  oraries  nearly  separate,  during  ripening  usually  sepa^ 
rating  into  its  component  carpels,  which  are  dehiscent  by  one  or 
both  sutures.  Seeds  few  or  single,  mostly  with  albumen ;  uid  a 
curved  embryo.  — JBbr.  Ruta  (the  Rue),  Dictamnus  (Fraxinella),  o£ 
Europe.  Diosma  and  its  alHes,  of  the  Cape  of  Good  Hope,  New  \ 
Holland,  &c.,  form  a  group,  or  suborder  (DiosMBiE)  horn  which  the 
Zaxthoxtlejb  (or  Prickly-Ash  Family)  difiers  only  in  being  gen- 
erally di<Bcious ;  but  have  no  claim  to  be  ranked  as  a  distinct  order. 
Strong-scented,  bitter-aromatic,  often  very  pungent,  from  an  acrid 
volatile  oil  (as  Bue  and  Zanthoxylum)  ;  also  bitter.  Some  contain 
a  bitter  alkaloid,  and  are  febrifugaL  The  most  important  is  the 
Galipea,  which  furnishes  the  Angoitura  bark. 

791.  Ord.  AnaeardiaeeiB  (Cashew  Family),  Trees  or  shrubs,  with 
a  resinous  or  milky,  often  acrid  juice,  which  turns  blackish  in  dry- 
ing ;  the  leaves  altematCi  without  stipules,  and  not  dotted.  Flowers 
small,  often  polygamous  or  dioecious.  Calyx  of  three  to  five  sepahi 
united  at  the  base.  Petals,  and  usually  the  stamens,  as  many  as  the 
sepals,  inserted  into  the  base  of  the  calyx  or  into  an  hypogynous  disL 
Ovary  one-celled,  but  with  three  styles  or  stigmas,  and  a  sin^e  ovnle. 
Fruit  a  berry  or  drupe.  Seed  without  albumen.  Embryo  curved 
or  bent  —  Ex.  Rhus,  Anacardium  (the  Cashew),  Pistacia.  Chiefly 
tropical ;  except  Rhus.  The  acrid  resinous  juice  is  used  in  var- 
nishes ;  but  it  often  contains  a  caustic  pcHSon.  Even  the  exhalations 
from  Rhus  Toxicodendron  (Poison  Oak,  Poison  Ivy),  and  R.  vene- 
nata (Poison  Sumach,  Poison  Elder),  as  is  well  known,  severely 
afiect  many  persons,  producing  a  kind  of  erysipelas.  Their  juice  is 
a  good  indelible  ink  for  marking  linen.  But  the  common  Sumachs 
(R.  typhina  and  R.  glabra)  are  innocuous ;  their  bark  or  Imves  are 
used  for  tanning,  and  their  sour  berries  (which  contain  bimalate  of 
lime)  for  acidulated  drinks.  The  oily  seeds  of  Pistacia  vera  (the 
PistachioHiut)  are  edible ;  and  the  drupe  of  Mangifera  Indica 
(Mango)  is  one  of  the  most  grateful  of  tropical  fruits.  The  kernel 
of  the  Cashew-nut  (Anacardium  occidentale)  is  eatable ;  and  bo  b 
the  enlarged  and  fleshy  peduncle  on  which  the  nut  rests :  but  the 
coats  of  the  latter  are  filled  with  a  caustic  oil,  which  blisters  the 
skin ;  while  from  the  bark  of  the  tree  a  bland  gum  exudes. 

792.  Ord.  Buneraces y  including  a  great  part  of  what  were  formerly 
called  Terebinthacese,  consists  of  tropical  trees,  with  a  copious  resin- 
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ous  juice,  compound  leaTes  usually  marked  with  pellucid  dots,  and 
small  flovrers ;  with  yalvate  petals,  a  two-  to  five-celled  ovary,  and 
drupaceous  fruit.  Their  balsamic  juice,  which  flows  when  the  trunk 
is  wounded,  usually  hardens  into  a  resin.  The  OHhanuntj  used  as  a 
fragrant  incense,  the  Balm  of  Gile€ul^  Baham  of  AfeccOj  Myrrhj  and 
the  BdeBiumy  are  derived  from  Arabian  species  of  the  order ;  the  East 
Indian  Gnm  EUtni^  from  Canarium  commune ;  Baham  of  Acouchi^ 
and  similar  substances,  from  various  American  trees  of  this  family.  • 
793.  Old.  Imyridaecie  consists  of  a  few  West  Indian  plants,  inter- 
mediate as  it  were  between  Burseraceso  and  Leguminosss,  and  dis- 
tinguished from  the  former  chiefly  by  their  simple  and  solitary  ovary. 
— Very  probably  this  and  the  two  last  are  to  be  reoombined. 


794.  Ord.  Titaees  (  Vine  Family).     Shrubby  plants,  climbing  by 
tendrils,  with  simple   or  compound  leaves,   the  upper  alternate. 

flO.  767.  A  bimoeh  of  the  Onpe-Viut.  768.  A  flower ;  the  petala  leiHuratlDg  from  the 
bwe,  and  ftlUng  off  together  without  expanding.  769.  A  flower  from  which  the  petals  bare 
fdlen ;  the  lobes  of  the  di«k  seen  alternate  with  the  stamens.  770.  Vertical  section  throngii 
the  oraiy  and  the  base  of  tlie  flower :  a,  ealjrz,  the  limb  of  which  is  a  mere  rim :  6  petal. 
having  Um  stamen,  e,  divsetij  before  it ;  and  the  lobes  of  tlie  disk  ars  shown  between  this  and 
the  ovary.  771  A  seed.  772.  Section  of  the  seed,  showing  the  thick  crustaceous  testa,  and 
the  alboBMn,  at  the  base  of  wlikh  is  the  minate  embryo.   772^.  A  horisontal  plan  of  tlie  flower. 
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Flowers  small^  oAen  polygmnonB  or  di«scioiis.  Galjx  very  mutOy 
filled  with  a  disk  ;  its  limb  dMirt  or  obsoleU.  Petals  4  or  5,  vabate 
in  scstivi^tion,  sonetiroes  eohering  b^  tbeir  tips,  and  oaduooas.  Sta- 
mens as  many  as  the  petals  and  opposite  them  I  Ovaiy  two^elkd, 
with  two  erect  ovules  in  each  cell. ,  Fmit  a  beny*  Seeds  with  a 
bony  testa^  and  a  small  embryo  in  hard  albumen,— J^  Yitis  (the 
Vine),  Ampelopsis  (the  Virginia  Creeper).  The  fruit  of  ths  Yine 
is  the  only  important  product  of  the  order.  The  add -of  the  grape, 
which  also  pervade  the  young  shpots  and  leavesy^  is  etdettj  the  tar- 
taric. Grape-sugar  is  very  disUnct  from  cancrsugar^  and  the  only 
kind  that  can  long  exist  in  connection  with  acids- 

795.  Ord.  UumUUteen  (BueJkthomJ^amily).  Shrubs  or  trees,  qfteo 
with  spinose  branches ;  the  leaves  mostly  alternate,  simple.  Flowew 
smalL  Calyx  of  four  or  five  sepals,  united  at  the  base,  valvate  in 
testivation.  Petals  four  or  fire,  cucuUate  or  convolute,  inserted  oq 
the  throat  of  the  caly^,  sometimes  wanting.  Stamens  as  manj  as 
the  petals,  inserted  with  and  opposite  them!  Ovary  sometimes 
coherent  with  the  tube  of  the  calyx,  and  more  or  less  immersed  in  a 
fleshy  disk,  Mrith  a  single  erect  ovule  in  each  cell  (Fig.  435,  436). 
Seeds  not  arilled.  Embryo  straight,  large,  in  sparing  albumen.  — 
Ex,  Rhamnus  (Buckthorn)  is  the  type  of  the  order.  The  berries 
of  most  species  are  somewhat  nauseous ;  but  those  of  Zizyphus  are 
edible.  Jujuhe  paste  is  prepared  from  those  of  Z«  Jujuba  and  Z. 
vulgaris  of  Asia.  Syrup  of  Buckthorn  and  the  pigment  called  Sap* 
green  are  prepared  from  the  fruit  of  Bbamnns  catharticus.  The 
herbage  and  bark  in  this  order  are  more  or  less  astringent  and 
bitter.  An  infusion  of  the  leaves  of  Ceanothus  Americanus  (thence 
called  New  Jersey  Tea)  has  been  used  as  a  substitute  for  tea,  and  a 
very  poor  one  it  is. 

796.  Ord.  CelastraceS  {Spindk-tree  Family).  Shrubs  or  trees, 
with  alternate  or  opposite  simple  leaves.  Calyx  of  four  or  five 
sepals,  imbricated  in  estivation.  Petals  as  many  as  the  sepals,  in- 
serted under  the  flat  expanded  disk  which  closely  surrounds  the 
ovary,  imbricated  in  estivation  Stamens  as  many  as  the  petals 
and  alternate  with  them,  inserted  on  the  margin  or  upper  surface 
of  the  disk.  Ovary  free  from  the  calyx..  Fruit  a  capsule  or  Xi^rr^^ 
with  one  or  few  seeds  in  each  celL  Seeds  usually  arilled,  albtnai- 
nous,  with  a  large  and  straight  embryo.  —  Ex,  Celastrus,  Euonymu^ 
(Burning  Busli,  Spindle-tree,  Strawberry-4ree) )  aU  somewhat  hitler 
and  acrid ;  but  of  little  economical  importance.     The  red  or  crim- 
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son  capsules  and  bright  searlet  arils  of  several  species  present  a 
striking  appearance  whei»  the  fruit  is  ripe.  , 

797.  did.  Halpighiaees  is  a  large  tropical  familj  (with  one  or  two 
representatives  in  Texas),  of  trees,  shrubs^  and  twining  plants,  with 
opposite  entire  leaves,  unguiculate.  petals,  and  soHtary  seeds  with  a 
curved  embryo  $  difieriog  from  the  next  in  the  want  of  a  disk,  the 
more  symmetricid  flowers,  ice. 

798.  trd.  8ttpilld«fie»  (JSoapherry  Family).  Trees,  shrubs,  or  climb- 
ers with  tendrils,  rarely  herbs,;  with  simple  or  compound  leaves,  and 
mostly  unsymmotrieal  or  irregidar  flowers;  the  sepals,  and  petals 
imbrici^ted  in  8&stivati<ni*  Stamens  5  to.  10,  inserted  on  a  fleshy 
perigynous  or  hypogynous  disk.  Ovary  2-^3roelled,  2^d4obed,^  with 
one  or  two  {in  Staphylea  sevend)  ovules  in  each  oell ;  the  embryo 
(except  in  Staphylea)  curved  or  convolute  and  without  albumen.  **~ 
Includes  a  variety  of  ibnns,  the  greater  pMt  of  which  may  be  rai^;ed 
mider  the  foUowing  suborders,  which  have  been  taken  for  orders. 


799.  Snbord.  Staphyleaees  {BladdemtU  Family)  has  opposite  com- 
pound leaves  with  stipules  and  stipelsj  regular  and  perfect  pentan- 


no.  778.  noiraringbffsiMh  of  AseoliuPaTla<R«d  Buckle).  774.  Afloww.  775.  riowtr 
^th  the  ealjz  and  two  of  .the  petali  remoTed.  776.  A  groaod^plMi  of  the  flower,  showing 
thnt  Ita  parte  are  aneymmetrical.  777.  Vertical  aeetkni  of  an  orary,  ebowiag  two  of  the  oeHa 
'vMi  a  pair  of  orales  in  each,  one  aeeeoding.  one  deeeending.  >  778.  droes  eeetlon  of  an  OTafj.^ 
779.  CnM»«ection  of  the  immatara  fruit ;  only  one  fertile  leed ;  the  others  ahortiTo.  780. 
The  dehifloent  firuit. 

35 
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drous  flowers,  three  partlj  united  pistils  with  several  ovules  in  each, 
and  large  bony  seeds,  with  a  straight  embryo  in  scanty  albumen. — 
Ex.  Staphylea. 

800.  Snboid.  Stpindes  {Soapberry  Family  proper)  has  alternate,  or 
in  the  Horsechestnut  tribe  opposite  leaves,  without  stipules,  more  or 
less  unsymmetrical  or  irregular  and  polygamous  flowers,  exalbu- 
minous  seeds,  and  a  curved  embryo  with  thickened  cotyledons. — 
Mostly  tropical,  except  the  Horsechestnut  and  Buckeyes  (JElaculus), 
which  have  been  deemed  a  separate  family  {fftppocasttmea).  Their 
very  large  and  fleshy  embryo  has  the  cotyledons  more  or  less  con- 
solidated (Fig.  629,  630).  The  seeds  of  the  Horsechestnut  are  nu- 
tritious, but  contain  an  intensely  bitter  principle  which  is  more  or 
less  noxious.  Those  of  M,  Pavia  are  used  to  stupefy  fish.  The 
root,  according  to  Elliott,  is  employed  as  a  substitute  for  soap.  The 
fruit  of  Sapindus  is  used  for  the  same  purpose,  whence  the  name  of 
Soapberry, 


m  787  TM 

801.  Sabord.  Aeerines  {Maple  ^Family)  has   opposite  (sunple  or 
compound)  leaves  without  stipules,  a  2-lobed  and  2-winged  fruit 

no.  781.  A  branch  of  Acer  duyemrpnm  (the  White  Bolt  Maple)  with  ttunUMite  flovcn. 
732.  A  teiMTate,  enlargedf  stunliiAte  flower.  788.  Branch  with  plttUlale  flowers.  784.  A 
■epente  fertile  flower.  786.  Th*  Mune,  enlarged,  with  the  ealyx  cot  away.  786.  A  dnsler 
showing  the  fruiting  oraiiee  expanding  Into  wings  (reduced  in  slae).  787.  Ripe  fruit ;  on*  ^ 
the  samaras  cut  open  to  show  the  seed.    788.  A  leaL 
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fonning  two  samaras,  and  an  embryo  with  long  and  thin,  variously 
curved  or  coiled  cotyledons  (Fig.  103  - 105) ;  otherwise  nearly  as 
in  the  true  Sapindaceie.  —  JEx.  Acer,  the  Maple ;  useful  timber-trees 
of  northern  temperate  regions.  Sugar  is  yielded  by  the  vernal  sap 
of  Acer  saccharinumy  and  in  less  quantity  by  all  the  species. 

802.  Old.  Polygllaees.  Herbs  or  shrubby  plants,  with  simple 
entire  leaves,  destitute  of  stipules.  Flowers  perfect,  unsymmetrical, 
and  irregular,  somewhat  papilionaceous  in  appearance,  but  of  wide- 
ly different  structure.  Calyx  of  five  irregular  sepals ;  the  odd  one 
superior,  the  two  inner  (wittgi)  larger,  and  usually  petaloid.  Petals 
usually  three,  inserted  on  the  receptacle,  more  or  less  united ;  the 
anterior  (keel)  larger  than  the  rest  Stamens  six  to  eight,  combined 
in  a  tube,  which  is  split  on  the  upper  side,  and  united  below  with 
the  claws  of  the  petals :  anthers  innate,  mostly  one-celled,  opening 
by  a  pore  at  the  apex.  Ovary  compound,  two-celled,  with  a  single 
suspended  ovule  in   each  cell:   style  curved  and  often  hooded. 


Capsule  flattened.  Seeds  usually  with  a  caruncle.  Embryo  straight, 
large,  in  fleshy,  thin  albumen.  —  Ex,  Polygala  is  the  principal  genus 
of  the  order.     The  plants  yield  a  bitter  principle  with  some  acrid 

TIO.  789.  Polygala  paadfoUa.  790.  A  floiner,  enlarged.  791.  The  ealyx  dlaplajed.  792 
The  corolla  and  stamliMal  tabe  laid  opea.  798  The  pUdl  and  the  fkee  portkmof  the  staniena. 
794.  Vertical  feetlon  of  the  o?ai7.    79&  Vertkal  lactloa  of  the  feed,  ahowing  the  laige  embiy* 
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extractive  matter.  Poljgala.  Senega  (Sei^eca  Snakeroat)  is  the 
most  important  medicinal  plant  of  the  family.  Other  species  ar9 
employed  medicinally  in  Bntzil,  Pera^  li^epaal,  &e* ;  where,  like 
our  owHf, ih»y  are  reputed  antidotes  to  the  bitea  of  v«m»ixn» 
reptiles.. 

803.  Ord«  KnmeriaMIB  (Shaian^  Family)  consists  of  the  genus 
Krameria  only,  which  has  ordinarily  been  annexed  to  the  Polyga* 
laceas ;  but  the  position:  of.  the  parts  of  the  flower  is  more  like  that 
of  the  Leguminosfl^  having  the  odd  sepal  inferior,  a  simple  unilocu- 
lar pistil,  and  an  exalbuminou»  seed.  In  fact  it  is  technieally  distin- 
guishable^ from  the  latter  chiefly  by  the  hypogynous  rtamens  and  the 
want  of  stipules.  The  roots  contain  a  red  coloring  matter,  and  are 
astringent  without  bitterness.  Rhatany-root,  used  to  adulterate  port- 
wine,  and  as  an  ingredient  in  tooth-pow4er8,  &o.^  is  the  produce  of 
K.  triandraof  Peru.  That  of  our  own  Southei^i  lapeci^  possesses 
the  same.  properttOB. ; . 


804.  Ord.  kgnminoss  {Puhe  Family),     Herbs,  shrubs,  or  trees, 
with  alternate  and  usually  compound  leaves,  fumiished  with  stipules. 

FIG.  798.  A  flowtriog  hnaeh  of  Lathjnu  pidnttris.  Tar.  mjrtUbUns.  797.  TIm  eoBBUft 
dUplajrwi :  Oi  th«  TBxillum  or  •taodMd }  6,  tha  ate  or  wii^ ;  e,  tha  two  petala  of  tlit  eariaa 
or  keel  798.  The  keel-petala  la  thdr  natural  ritoAtfam.  790.  Tha  BtMOMU  and  pMU*  en- 
larged ;  the  ■heath  of  Alameata  partly  tamed  back. 
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Gftljx  mostly- of  five  sepals,  more  or  less  united ;  the  odd  sepal  in- 
ferior (Fig»  358).  Corolla  of  five  petals,t  either  papilionaceous  or 
reguliur.  Stamens  perigynonsy  or  sometimes  hypogynous.  Ovarj 
single  and  simple..  Fruit  a  legume^  various  forms  of  which  are 
shown  in  Fig.  580,  581,  800-807.  Seeds  destitute  of  albumen,  or 
with  a  mere  vestige  of  it. — -This  immense  ikmilj  is  divided  into 
three   principal  sidiKirders ;  viz. :  — - 


805.  gnbcird.  PipilionaeeS  {Pulse  Family  proper),  which  is  charac- 
terized by  the  papilionaceous  corolla,  —  the  vexillum  always  exter- 
nal in  aestivation  (471,  Fig.  392),^  ten  diadelphous  (Fig.  461), 
monadelphous  (Fig.  462),  or  rarely  disdnct,  perigynous  stamens, 
and  the  radicle  bent  on  the  large  cotyledons.  Leaves  (rarely  sim- 
ple) only  once  compound ;  the  leaflets  very  rarely  toothed  or  lobed. 

806.  Sobord.  Cssalpines  (to  which  Cassia,  Cercis,  and  the  Honey- 
Locust  belong)  :  here  the  corolla  gradually  loses  its  papilionaceous 
character,  and  always  has  the  vexillum,  or  superior  petal,  covered 
by  the  lateral  ones  in  aestivation ;  the  stamens  are  distinct,  and  the 
embryo  straight.    The  leaves  are  oflen  bipinnate. 

807.  Sabord.  limOMS  (a  large  group,  to  which  the  Acacia  and  the 
Sensitive  Plant  belong)  has  a  perfectly  regular  calyx  and  corolla, 
the  latter  mostly  valvate  in  aestivation  and  hypogynous,  as  well  as 
the  stamens,  which  are  sometimes  definite,  but  often  very  numerous ; 
and  the  embryo  is  straight     The  leaves  are  frequently  tripinnate. 

FIG.  SOO.  OpoB  kgame  of  the  Pea.  801.  Loment  of  Dannodinm.  802.  Loment  of  Bfl- 
moea :  6,  one  of  its  defalacent  J(rinU  which  has  fallen  away  from  the  periling  border  or  flrame 
(feplnm),  seen  in  80&  804.  The  Jointed  Indehiaoent  legume  of  Sophora.  805  A  legume  of 
Astf«ffk]«a;  eni  acnoii  nmt  the  sammll,  to  ab0w  how  It  becomee  partly  or  entirely  two-eelled 
by  the  introflexion  of  the  dorsal  suture.  SOO.  Similar  riew  of  a  legume  of  Phaea^  where  tb# 
tvntval  eatoie  is  somewliat  Introflezed.  807.  A  legume  of  Medlcago  seutdlata,  spirally  coiled 
Into  •>  globular  figure. 

35* 
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808.  Papilionaoeae  are  found  in  every  part  of  the  world :  Cesal- 
pinete  and  Mimoseffi  are  confined  to  the  tropical  and  wanner  tem- 
perate regions.  —  A  full  account  of  the  useful  plants  and  products 
of  this  large  order  would  require  a  separate  volume.  Manj,  such 
as  Clover,  Lucerne  (Medicago  sadva),  icc^  are  extensively  cold- 
rated  for  fodder ;  Peas  and  Beans,  for  pulse.  The  roots  of  the 
Licorice  (Glycirrhiza  glabra  of  Southern  Europe)  abound  in  a 
sweet  mucilaginous  juice,  from  which  the  pectoral  extract  of  this 
name  is  prepared.  The  sweet  pulp  of  the  pods  of  Ceratonia  Siliqut 
(Carob-trec  of  the  South  of  Europe,  &c.),  like  that  of  the  Honej- 
Locust  (Gledit^chia),  &c.,  is  edible.  The  laxative  pulp  of  Cathar- 
tocarpus  Fistula,  and  of  the  Tamarind,  is  well  known ;  the  latter  is 
acidulated  with  malic,  and  a  little  tartaric  and  citric  acid.  — A  peeo- 
liar  volatile  principle  (called  Coumarin)  gives  its  vanilla-like  fra- 
grance to  the  well-known  Tanka^fean,  and  to  the  Melilotus,  or  Sweet 
Clover.  The  flowers  and  seeds  of  the  latter  and  of  TrigoneD* 
caenilea  give  the  peculiar  odor  to  Scheipzeigtr  cheese.  —  Astringents 
and  tonics  are  also  yielded  by  this  order :  such  as  the  African  Ptero- 
carpus  erinaceus,  the  hardened  red  juice  of  which  is  Gum  Kino ; 
that  of  P.  Draco,  of  Carthagena,  &C.,  is  Drain's  Blood  The  bark 
of  most  Acacias  and  l^Iimosas  contains  a  very  large  quantity  of  tan- 
nin, and  is  likely  to  prove  of  great  importance  in  tanning.  The 
valuable  astringent  called  Catechu  is  obtained  by  boiling  and  evap- 
orating the  heart-wood  of  the  Indian  Acacia  Catechu.  —  Legumi- 
nosae  yield  the  most  important  coloring  matters :  such  as  the  Brazil- 
woodf  the  Logwood  of  Campeachy  (the  peculiar  coloring  prindpk 
of  which  is  called  Hmmat{n)y  and  the  Red  Sandal-wood  of  Ceylon. 
Indigo  is  prepared  from  the  fermented  juice  of  the  Indigofera  tin^ 
toria  (a  native  of  India),  and  other  species  of  the  genus.  This 
substance  is  highly  azotized,  and  is  a  violent  poison. — To  the  rame 
order  we  are  indebted  for  valuable  resins  and  bahams  ;  such  as  the 
Mexican  Cbpa/,  Balsam  of  Copaiva  of  the  West  Indies,  Para,  and 
Brazil,  the  bitter  and  fragrant  Baiiam  of  Peru^  and  the  sweet,  fra- 
grant, and  stimulant  Balsam  of  Tolu.  —  It  also  furnishes  the  moiit 
useful  gums ;  of  which  we  need  only  mention  Gum  TVagacoHiky 
derived  from  Astragalus  verus  of  Persia,  &c. ;  and  Gum  AraUcj 
the  produce  of  certain  African  species  of  Acacia.  The  best  is 
said  to  be  obtained  from  Acacia  vera,  while  Gum  Senegal  is  yielded 
by  A.  Verek,  and  some  other  species.  Algarobia  dulcis,  tlie  Mes- 
quite  of  Texas  and  Me^co,  yields  a  similar  gum.     The  Senna  d 
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oommerce  consists  of  the  leaves  of  seTeral  species  of  Cassia,  of 
Egypt  and  Arabia.  C  Marilandica  of  this  country  is  a  succedane- 
nm  for  the  officinal  article.  —  More  acrid,  or  even  poisonous  prop- 
erties, are  often  met  with  in  the  order.  The  roots  of  Baptisia 
tinctoria  (called  Wild  Indigo,  because  it  is  saiil  to  yield  a  little  of 
that  substance),  of  the  Broom,  and  of  the  Dyers'  Weed  (Genista 
tinctoria,  used  for  dyeing  yeUow),  possess  such  qualities ;  wliile  the 
seeds  of  Laburnum,  &c  are  even  narcotico-acrld  poisons.  The 
branches  and  leaves  of  Tephrosia,  and  the  bark  of  the  root  of 
Piscidia  Erythrina  (Jamaica  Dogwood,  which  is  also  found  in  South- 
em  Florida),  are  commonly  used  in  the  West  Indies  for  stupefying 
fish.  Countch  is  the  stinging  hairs  of  the  pods  of  species  of  Mu- 
cuna.  —  Among  tlie  numerous  valuable  timber^trees,  our  own  Locust 
(Robinia  Pseudacacia)  must  be  mentioned ;  and  also  the  Eosewood 
of  commerce,  the  produce  of  smne  Brazilian  Ciesalpiniese.  Few 
orders  furnish  so  many  plants  cultivated  for  ornament. 

809.  Ord.  Kosaees  (Ro9e  Family).  Trees,  shrubs,  or  herbs,  with 
alternate  leaves,  usually  furnished  with  stipules.  Flowers  regular. 
—  Calyx  of  five  (rarely  three  or  four)  more  or  less  united  sepals, 
and  of^en  with  as  many  bracts.  Petals  as  many  as  the  sepals 
(rarely  none),  mostly  imbricated  in  aestivation,  perigynous.  Sta- 
mens indefinite,  or  sometimes  few,  distinct.  Ovaries  with  solitary 
or  few  ovules:  styles  often  lateraL  Albumen  none.  Embryo 
straight,  with  broad  and  flat  or  plano-convex  cotyledons  (Fig.  108  - 
111). — This  important  order  is  divided  into  four  suborders;  viz.:  — 

810.  Sabord.  Cbryubalanes  (Cocoa-plum  Family),  This  is  now 
generally  taken  as  an  independent  order,  intermediate  between 
Leguminoso)  and  Rosacese.  Ovary  solitary,  free  from  the  calyx,  or 
el^e  cohering  with  it  at  the  base  on  one  side  only,  containing  two 
erect  ovules  :  style  arising  from  the  apparent  base.  Fruit  a  drupe. 
Trees  or  shrubs.  —  £x,  Chrysobalanus ;  some  species  of  which  pro- 
duce an  edible  fruit. 

811.  Sabord.  AmygdaleS  (Almond  or  Plum  Family).  Ovary  soli- 
tary, free  from  the  deciduous  calyx,  with  two  suspended  ovules,  and 
a  terminal  style.  Fruit  a  drupe  (Fig.  562).  Trees  or  shrubs. — 
Me.  Amygdalus  (the  Almond,  Peach),  Prunus  (the  Plum),  &;c 

812.  Sabord*  Rosaces  proper*  Ovaries  several,  numerous,  or  rarely 
solitary,  free  from  the  calyx  (which  is  often  bracteolate,  as  if 
double),  but  sometimes  enclosed  in  its  persistent  tube,  in  fruit  becom- 
ing either  follicles  or  achenia.     Styles  terminal  or  lateraL     Herbs  or 
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shrabs. — The  three  tribes  of  this  suborder  are :  -^  Tribe  h  Sfireje, 
where  the  fruit  is  a  follicle.  Ex,  Spinea  aad  Gillenia.  Tribe  2. 
DRYADBiE^  where  the  fruits  are  achenia,  or  sometimes  lit^  drapes, 
and  when  numerous  crowded  on  an  enlarged  torus  (F%.  6^  559, 
5G4,  565).  Ex.  Dryas,  Agrimonia,  Fotentilla,  Fragaria  (Strawber- 
rj),  Rubus  (Raspberry  and  Blackberry).  Tribe' 3.  Rosejb,  where 
numerous  achenia  cover  the  hollow  torus  which  lines  the  umrshaped 
calyx-tube;  ^d  tlie  latter,  being  contracted  at  the  mouth,  and  be- 
coming fleshy  or  berry-like,  forms  a  kind  of  false  pericarp ;  as  ia  the 
Rose  (Fig.  429,  808). 

813.  Sobord.  Pomes  (Pear  Family).  Ovaries  two  to  five,  or  rare- 
ly solitary,  cohering  yrith  each  other  and  with  the  tliickened  and 
fleshy  or  pulpy  calyx-tube ;  each  with  one  or  two  (in  the  Quiiiee 
several)  ascending  seeds.  Trees  or  shrubs.  —  Ex.  Crategus  (the 
Thorn),  Cydonia  (the  Quince),  Pyrus  (the  Apple,  Pear,  &c). 


814.  This  important  order  is  diffused  through  almost  every  part 
of  the  world ;  but  chiefly  abounds  in  temperate  climates,  where  it 
furnishes  the  most  important  fruits.  It  is  destitute  of  unwholesome 
qualities,  with  one  or  two  exceptions,  viz. :  —  The  bark,  leaves,  and 
kernel  of  Amygdaleas  contain  prussic  acid,  or  something  of  smu'Iar 
odor  and  analogous  properties  j  as  is  exemplified  by  the  Cherry-Laurel 

7T0.  SOS.  Vertical  secthm  of  an  anezpanded  Rom,  showing  the  attachment  of  the  earpdi 
to  the  lining  of  the  oalyz-toha,  and  of  the  itamens  and  petala  to  its  miBBflt  or  edge.  W' 
Vertical  aeetioo  of  th*  trtdt  of  tbe  Qainee,  ezMblthig  tha*  carpels  InTeated  hy  the  tfridMaed 
calyx  which  forme  the  edihle  pari  of  the  Aroit;  one  of  the  oraxies  laid  open  to  show  theindi. 
810.  A  magnified  seed ;  the  rhaphe  aad  ehalaxa  conspieuoos.  Sll.  The  embryo.  811  CN»- 
■eetion  of  an  apple.    SIS.  Flower^  &e.  of  tbe  American  Cmbnipple  (Pytna  coronaria). 
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of  Ac  Old  World,  front  which  the  poisonous  Laurei-ivater  and  the 
yimlent  Oii  of  Laurel  are  obtained.  Our  Southern  species,  Prunus 
(Lanrocerasus)  Caroliniana,  poisons  cattle  which  eat  its  foliage. 
The  root  of  Gillenia  (Bownum's  Root,  Indian  Physic)  is  emetic  in 
krge  doses,  in  small  doses  it  acts  as  a  tonic.  The  bark  and  root  in 
all  are  astringent.  The  bark  of  Amjgdalese  also  exudes  gum. 
That  of  the  Wild  Black  Cherry  is  febrifugal;  and  the  timber  is 
usefid  in  cabinet-work.  Sweet  and  bitter  almonds  are  the  seeds  of 
Tarieties  of  Amygdahis  communis :  the  oil  of  the  former  resembles 
olive-oil ;  that  of  the  latter  is  poisonous.  Of  the  Peach,  Apricot, 
Nectarine,  Plum,  and  Cherry,  it  is  unnecessary  to  speak.  The 
strawberry,  raspberry,  and  blackberry  are  the  principal  fruits  of  the 
proper  Rosaceas.  The  leaves  of  Rosa  centifolia  are  more  conmionly 
distilled  for  Rose-^ater:  2aiA  Attar  of  Rosei  is  obtained  from  R. 
Damascena,  &c.  —  Pomaceous  fruits,  such  as  the  apple,  'pear,  quince, 
services,  medlar,  &C.,  yield  to  none  in  importance :  their  acid  is 
usually  the  malic 


tl4  ttl  Bit 

815.  Oidf  CalyfUlUiaeeSt     A  small  group  of  shrubs,  between  the 

FIO.  814.  Tlowvn  of  CalycMiihiu  lloridiu.  816.  VerUeal  nctkm  of  a  flow«r,  •bowing  the 
boOoir  i«en»tao)«f  <^- ;  tho  flonl  ebTslopec  out  Awmy.  816.  A  sfeMMn,  Men  fjrem  wlehoai. 
817.  A  ^HalOL  818.  SMtloo  of  tha  ovary,  showing  th«  two  Mcmding  orates.  819.  The  closed 
pod-sbapod  reeeptaete  la  flrolt  8SI0.  A  Tertleal  section  of  an  acheninm,  showing  the  embryo 
of  tlfee  esed.    821.  Cws  section  of  sn  embryo^  showing  the  strongly  oonroiate  ootylsdoas. 


Digitized  by 


Google 


418  ILLUSTRATIONS   OF   THB  NATURAL    ORDERS. 

last  order  and  the  next,  distinguished  from  Bosaceas  by  their  oppo- 
site leaves  without  stipules,  and  their  convolute  cotyledons:  the 
ovaries  are  enclosed  in  a  fleshy  calyx-tube  as  in  a  rose-hip. — It 
comprises  only  two  genera;  viz.  Calycanthus  (Carolina  Allspice, 
Sweet-scented  Shrub,  &c.),  and  Chimonanthus,  of  Japan.  They  are 
cultivated  for  their  fragrant  flowers  The  bark  and  foliage  exhale 
a  slight  camphoric  odor ;  and  the  flowers  give  a  fragrance  like  that 
of  strawberries. 

816.  Ord.  HyrtaeeS  {MyrtU  Family).  Aromatic  trees  or  shrubs, 
with  opposite  and  simple  entire  leaves,  which  are  punctate  with 
]>ellucid  dots,  and  oflen  furnished  with  a  vein  running  parallel  with 
tuid  close  to  the  margin,  without  stipules ;  the  calyx-tube  adherent 
to  the  ovary;  many  stamens;  and  seeds  without  albumen. — Ex. 
IMyrtus,  the  Myrtle,  is  the  most  familiar  representative  of  this 
beautiful  tropical  and  subtropical  order.  The  species  abound  in  a 
pungent  and  aromatic  volatile  oil,  and  an  astringent  principle. 
Cloves  are  the  dried  flower-buds  of  Caryophyllus  aromaticus.  iV- 
mento  (Allspice)  is  the  dried  fruit  of  Eugenia  Pimenta.  Cc^eput 
oil,  a  powerful  sudorific,  is  distilled  from  the  leaves  and  fruit  of  a 
Melaleuca  of  the  Moluccas.  Australian  species  of  Eucalyptus  yield 
a  large  quantity  of  tannin.  The  aromatic  fruits  of  many  species, 
filled  with  sugar  and  mucilage,  and  acidulated  with  a  free  acid,  are 
highly  prized ;  such,  for  instance,  as  the  Pomegranate,  the  Guava, 
Rose- Apple,  &c. 

817.  Ord.  Helulomaees.  Trees,  shrubs,  or  herbs,  with  opposite 
ribbed  leaves,  and  showy  flowers,  with  as  many  or  twice  as  many 
stamens  as  petals ;  the  anthers  mostly  appendaged  and  opening  by 
pores,  inflexed  in  sBstivation :  further  distinguished  from  Myrtacee 
by  the  leaves  not  being  dotted ;  and  from  Lythracese  by  the  adna- 
tion  of  the  calyx-tube  (by  its  nerves  at  least)  with  the  ovary. — Ex. 
The  beautiful  species  of  Rhexia  represent  this  otherwise  tropical 
order  in  the  United  States.  The  berries  of  Melastoma  are  eatable, 
and  tinge  the  lips  black  (like  whortleberries) ;  whence  the  generic 
name. 

818.  Ord.  lylhraces  {Loosestrife  Family)  is  distinguished  among 
these  perigynous  orders,  with  exalbuminous  seeds,  by  its  tubular 
calyx  enclosing  the  two -four-celled  ovary,  but  entirely  free  from  it 
The  styles  are  perfectly  united  into  one :  the  fruit  is  a  thin  capsule* 
The  stamens  are  inserted  on  the  tube  of  the  calyx  below  the  petab. 
—  -fir.  Lythrunu     Chiefly  tropicjil,  of  little  economical  use. 
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,  819.  Ord.  Ihiiophmees  (Mangrove  Family/)  oonsists  of  a  few 
tropical  trees  {extending  into  Florida  ,and  Loiiisiana)^  growing  in 
maritime  swamps,  where  they  root  in  the  mud,  and  fona  thickets 
on  the  verge  of  the  ocean.  The  ovary  is  often  partly  free  from  the 
calyx,  two-celled,  with  two  pendulous  ovules  in  each  oelL  These 
plants  are  remarkable  for  their  opposite  leaves,  with  interpetiolar 
stipules,  and  for  the  germination  of.  the  emfaryo  while,  within  the 
pericarp. —r  £c  Ehizpphora,  the  ^^langrove  (Fig.  ^141).  The  as* 
tribsgent  bark  has  been  used  as  a  febrifuge,,  and  for  Jtanning. 

820.  Ord.  CombretaceS  consists  of  tropical  trees  or  slurubs  (wbicl| 
have  one  or  two  repFesentatives  in  Southern  Florida),  often  apeta- 
lous,  but  with  slender  colored  stamens ;  distinguishable  from  any  of 
the  preceding  orders  of  this  group  by  their  one-eelled  ovary,  with 
several  suspended  ovules,  but  only  a  sectary  seed,  and  convolute 
potyledons. — JSr.  .Combretum. 

821:  Ord.  OnagraeeS  (j^entn^iVtmroM  ^aimt/^).  Iler^Sy  or.rar^ 
Ij  shrubby  plants,  with  alternate  or  opposite  leaves,  not  dotted  nor 


furnished  with  stipules.    Flowers  usually  tetramerous.    'Calyx  ad- 
herent to  the  ovary,  and  usually  produced  beyond  it  into  a  tube. 

no  821  Fknrer  cT  (AioUun  fratieoM.  828.  Th*  jum,  wltii  fh*  petels  nnumd.  884. 
Xafnilled  gfaios  of  polkn,  with  tome  of  Um  Intennind  oallolar  thiMda.  826.  CzoM-M^tio^ 
•C  tiM  fonr-lotwd  And  Ibur^ellad  cftpral*. 

PIG.  826.  Hipparls  vulgarii  («abordtr  Ilalor^Me).  827.  Kafnlilwl  flower^  with  the  fab^ 
UaOinglmL    828.  Vertical  aMtioo  of  Um  OTarj.    829.  Vertical  aection  of  tl^  firaifc  and  Mid.  , 
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Petals  usuaHy  fbar  (mrelj  three  or  six,  oeca§ionaIly  abseni),  ami  the 
Btamens  as  manj,  or  twice  as  many,  inserted  into  the  throat  of  the 
oalyz.  Ovary  eooMdonly  foul^celled:  styles  united.  Fruit  mostly 
capsular*  —  £x»  Chiefly  an  American  order;  many  are  ornamental 
in  cultivation^  •  Fuchsia^  remarkable  for  its*  colored  calyx  and  ber- 
ried fruit ;  CBnothem  (Evening  Primrose) ;  Epilobium^  ivhere  the 
seeds  bear  a  ooma  $ .  Ludwigia,  which  is  sometimes  apetalous ;  and 
GircsMi^  where  the  lobes  of  the  ealyx^r  petals,  stameasy  cells  of  the 
ovary,  and  the  seeds^  are  reduced  to  two  ?  showing  a  eonnection  with 
the  appended 

822.  tobord.  HllongMBi  wluch  are  a  sort^  reduced  aquatic  Oos* 
graocA^  often  apetalous :  the  solitary  seeds  commonly  furnished  with 
idbumen^ — JSx.  Myriophyllum  (Water-Milfoil)  and  Ilippuris  (Horse- 
tail), where  the  limb. of  the  calyx  is  almost  wanting;  the  pecab 
none ;  the  stamens  reduced  to  a  single  one,  and  the  ovaiyto  a  single 
cell,  with  a  solitary  seed. 


'J 

S3S 


823.  Old.  Gmndaeeff  {lOooteierry  FamUy  ).    Siiiall  shrubs,  ehher 
spihy  or  prickly,  or  unarmed ;  with  alternate,  palmately  lobed  and 

no.  see.  TIw  eoklyttlaS  Oooiabmj  ;  a  bnuielx  In  Sow«r.  SSl.  feriaeir  b  flraU  88 
TIm  ei4jz,  bcMlag  Um  petak  and  sImimiu,  out  awij  from  ih«  •unuiiil  of  Xbm  awvtj  {W,  vd 
laid  open.  884,  836.  Seetionf  of  the  anripe  fhiit.  886.  Magnifltd  Mad,  with  a  compimMf 
fliairtMu  887.  Longltadlaal  Motloii  of  tha  Mana,  showliif  tba  mlnuta  ambiyo  at  tbtasbM' 
U/ort 
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¥€med  kavesy  asually  in;  fasoielets  oilen  uprinlded  with  resinous  dots. 
Flowers  in  raoemei  or  smaU  cki84e».  Caljrx-tube  adherent,  to  Che 
one-celled  orvary,  and  more  or  less  produced'  beyond  it,  five-lobed, 
sometinies  colored*.  Petals  (smaliy  and  stamens  five,  inserted  on 
the  oa^x.  Otary  with  two  parietal  pUteentai:  stales  more  or  less 
united.  Fmit  a  many^^eeded  hesry*-  Embsyo  minute^  in  hard 
albumen.  — '-  Ex.  RSbes  ((Gooseberry  and  Ourranty^  Never  unwhole^- 
some :  the  fruit  usually  esculent,  containing  a  mucilaginous  and  sac- 
charhne  pulp^  with  more  oriessmalieor  citric «eid«  Twoor  three 
red-flowered  species  of.  Oregon  and  California,  juid  liie  Yellow  ov 
MisEOttri  Currant,  are  Xkraamental  in  eokivaiionL'w 

«^.  M.  ZWK^MmbiCaam  Fttndfy).    Socoaleal  shmbby  plimtei 
peculiar  iif  habit,  witfat.  spinous  buds^^usuattj  l^aiesa:  Ihd  stems 
either   gtobukr  and   many* 
angled,  eolumnar  wkh  several 
angles,  w  flattened  and  joint- 
ed.    Flowers  usually  large 
and  showy.     Calyx  of  sev-'    < 
eral  or  tnimeiXMis  septds,  im- 
bricated, coherent  with  and  . 
crowning  the  'oae-<Belled  ova- 
ry, or  covering  its  whole  sur- 
face ;  ih^  inner  usually  con* 
founded  with  .•  the  indefinite  . 
petals.     Stamens,  indefinite, 
with  long  filaments^  cohering 

with  the  baser  ^  the  petals.  ** 

Styles  united;  stigmas  and  parietal  placentsa  severaL  ^Fruit  a 
berry.  Seeds  numerous,  witJh  a  curved  or  fieshy  and  votinded'  em- 
bryo, and  little  or  no.  albumen. «tr  AH  American^  the  greater  part 
Mexican  or  on  the  borders  <£>  Mexico.  The  common  Opuntia 
(Prickly  Pear)  extends  north  to  -  New  England:  its  mucilaginous 
fruit  is  eatable.  So  is  the  sweet  red  pulp  of  the  huge  Cereus  giganr 
tens  of  Sonera  and  Soutli  California,  which  forms  a  singular  tree, 
forty  or  fifly  feet  higk  Cereus  grandiflorus  is>  the  magnificent 
Night-jUooming  Cereus. 

625.  JOrL  louaces.  Herbs  usually  clothed  with  rigid  or  stinging 
hairs ;  leaves  opposite  or  alternate,  without  stipules ;  the  flowers 
showy.     Calyx-tube  adherent  to  the  one-celled  ovary;   the  limb 
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mostly  five^)arted;  Petals  as  many,  or  twice  as  many,  as  tbe  lobes 
of  the  calyx.  Stamens  perigynoiis,  indefinite,  and  in  serenil  parcels, 
or  sometimes  definite.  Style  single.  Orary  witb  tla-ee  to  five 
parietal  placentn.  Seed^  few  or  numerous,  albamiDoas.  — £x,  Lo- 
asa,  Mentzelia,  Cerallia;  the  latter  with  solitary  seeds  and  no  albo- 
men.  All  American,  and  in  the  tJnited  States  nearly  confined  to 
the  regions  beyond  the  MississippL  The  bristles  <^  Loasa  eitmg 
like  nettles. 

826.  Old.  TommeeB.  Herbs,  with  the  halnt  of  Gstns  or  Heli- 
anthemam ;  the  akemate  leaves  withoat  stipules.  Flowers  solitary, 
showy.  Calyx  five4obed ;  the  five  petals  and  five  stamens  inserted 
on  its  throat  Ovary  free  from  the  calyx,  one-celled,  with  three 
parietal  placentsd.  Styles  distinct,  e<Hnm<mly  branched  or  many* 
cleft  at  the  summit.  Fruit  a  three-valved  capsule.  Seeds  numer- 
ous (anatropous),  with  a  crustaceous  and  reticulated  testa,  and  m 
membranaceous  aril  on  one  side.  Embryo  in  fleshy  albumen. — &• 
Tumera,  of  which  there  b  one  spedes  in  Georgia. 

827.  Old.  Panifloreeev  (Pa$$ion-Jhwer  Family).  Herbs,  or 
somewhat  shrubby  plants,  climbing  by  tendrils;  with  idtemte^ 
entire,  or  palmately-lobed  leaves,  mostly  with  stipules.  Flowen 
oflen  showy.  Calyx  mostly  of  five  sepals,  united  below,  free  from 
the  one-celled  ovary ;  the  throat  bearing  five  petals  and  a  filament- 
ous crown.  Stamens  as  many  as  the  sepals,  monadeljrfious,  and  ad- 
hering to  the  stalk  of  the  ovary,  which  has  usually  three  chib-shaped 
styles  or  sUgmas,  and  as  many  parietal  placentae.  Fruit  fieshy  or 
berry 4ike.  Seeds  numerous,  with  a  brittle  sculptured  testa,  enclosed 
in  pulp.  Embryo  enclosed  in  a  thin  albumen. — JSr.  Fiasfflflora  (the 
Passion-flower,  Granadilla) :  nearly  all  natives  of  tro{Hcal  Americn. 
Two  species  are  found  as  far  north  as  Virginia  and  Ohio.  Many 
are  cultivated  for  their  singular  and  showy  flowers^  The  acidulous 
refrigerant  pulp  of  Passiflora  quadrangularis  (the  QranadiUa),  P. 
edulis,  and  others,  is  eaten  in  the  West  Indies,  ^cc  But  the  roots 
are  emetic,  narcotic,  and  poisonous. 

828.  Oldr  PsptyaeeB  comprises  merely  a  small  genus  of  tropical 
dioecious  trees,  of  peculiar  character :  the  principal  one  is  the  Pa- 
paw-tree  (Carica  Papaya)  of  tropical  America,  which  has  been  in- 
troduced into  East  Florida.  The  fruit,  when  cooked,  is  eatable; 
but  the  juice  of  the  unripe  fruit,  as  well  as  of  other  parts  of  the  plant, 
is  a  powerful  vermifuge.  The  juice  contains  so  much  fibrine  that  it 
has  an  extraordinary  resemblanoe  to  animal  matter :  meat  washed 
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in  water  impregnated  with  this  juice  is  rendered  tender :  even  the 
^exhalations  from  the  tree  are  said  to  produce  the  same  effect  upo^ 
meat  suspended  among  the  leaves* 

829.  Ord.  Coemrbitacefr  {Gourd  Family).  Tender  or  succulent 
herbs,  climbing  by  tendrils;  with  alternate,  pahnately  veined  or 
lobed,  rough  leaves,  and  monoscious  or  dioecious  flowers.  Calyx  of 
four  or  five  (rarely  six)  sepals,  united  into  a  tube,  and  in  the  fertile 
flowers  adherent  to  tlie  ovary.  Petals  as  many  as  the  sepak,  com- 
monly more  or  less  united  into  a  monopetalous  corolla,  which  co- 
heres with  (he  calyx.  Stamens  Ave  or  three,  or  rather  two  and  a 
hal^  i.  e*  two  with  two-celled  anthers,  and  one  with  a  one-celled  an- 
ther, inserted  into  the  base  of  the  corolla  or  calyx,  either  distinct  or 
variously  united  by  their  filaments,  and  long,  sinuous  or  contorted 
anthers  (Fig.  465-467).  Ovary  one-  to  five-celled ;  the  thick  and 
fleshy  plaoentsB  often  filling  the  cells,  or  diverging  before  or  after 
reaching  the  axis,  and  carried  back  so  as  to  reach  the  walls  of  the 
pericarp,  sometimes  manifestly  parietal ;  the  dissepiments  often  dis- 
appearing during  its  growth,  sometimes  only  one-ovuled  from  the  top : 
stigmas  thick,  dilated  or  fringed. .  Fruit  (pepo,  Fig.  560)  usually 
fleshy,  with  a  liard  rind,  sometimes  membranous.  Seeds  mostly  fiat, 
with  no  albumen.  Embryo  straight:  cotyledons  foliaccous.  —  Ex. 
The  Pumpkin  and  Squash  (Cucurbita),  Gourd,  Cucumber,  and 
Mel<m.  When  the  acrid  principle  which  prevaib  throughout  the 
order  is  greatly  diffused,  the  fruits  are  eatable,  and  sometimes  deli- 
cious :  when  concentrated,  as  in  the  Bottle  Gourd,  Bryony,  &C.,  they 
are  dangerous  or  actively  poisonous.  The  officinal  ColocyrUhf  the 
resinoid  and  bitter  pulp  of  the  fruit  of  Cucumis  Colocynthis,  is  very 
acrid  and  poisonous ;  and  JSIaterium,  obtained  from  the  juice  of  the 
Squirting  Cucumber,  is  still  more  violent  in  its  effects.  The  seeds 
of  all  are  harmless. 

830.  Old.  CnssolaectB  (Stonecrop  Family).  Herbs,  or  slightly 
slirubby  plants,  mostly  fleshy  or  succulent ;  remarkable  for  the  com- 
plete symmetry  and  regularity  of  their  flowers  (449,  Fig.  359  -  365). 
Calyx  of  three  to  twenty  sepals,  more  or  less  united  at  the  base, 
free  from  the  ovaries,  persistent.  Petals  as  many  as  the  sepals,, 
rarely  combined  into  a  monopetalous  corolla.  Stamens  as  many  or 
twice  as  many  as  the  sepals,  more  or  less  perigynous.  Pistils  always 
as  msmy  as  the  sepals,  distinct,  or  rarely  (in  Penthorum  and  Dia- 
morpha)  partly  united :  ovaries  becoming  follicles  in  fruit,  several- 
seeded.     Embryo  straight,  in  thin  albumen.  —  Fx.  Sedum  (Stone- 
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crop,  Orpine,  Live-for-eTer),  Crassaia,  Semperriyum  (HousekekX 
&C.  They  mostly  grow  in  arid  places,  and  are  of  no  economical  im? 
portance. 

8dl.  Ord*  SiXlfirspceS  {Saxifrage  FamOy).  Herbs  op  shrubs, 
with  alternate  or  opposite  leaves.  Calyx  of  four  or  five  more  or 
less  united  sepals,  either  free  from  or  more  or  less  adherent  to 
the  ovary,  persistent.  Petals  as  many  as  the  sepals,  rarely  want- 
ing. Stamens  as  many,  or  conmionly  twice  as  inany>  as  the  pistik 
or  sepals,  or  rarely  indefinitely-  numerous,  perigynoas.  Ovaries 
mostly  two  (sometimes  three  or  four),  usually  united  below  snd 
distinct  above,  sometimes  eompletely  united  and  even  the  styles  alsa 
Seeds  numerous,  with  a  straight  embryo  in  fleshy  albumen.  The 
order,  taken  in  the  largest  sense,  includes  iburYr»6e<,  as  they  should 
probably  be  called,  rather  than  subordersi  which  some  botanists  regaid 
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even  as  distinct  orders,  viz. :  The  SAXiFRAOEiE,  or  true  Saxifray 
Family,  which  are  herbs,  with  no  manifest  stipules,  except  the  wings 
or  appendages  at  the  base  of  the  petiole  or  radical  leaves.    Ex.  Sax- 

FTO.  889.  Sninrantia  Ohionto.  840.  Flower  wtth  the  calyx  bid  open,  sonewlMt  toki^- 
841.  Fruit  mirrouDdea  by  Um  puvlstetil  caIjx  and  wiUi««l,pftal0,^Mika|BB4.  912.  SoHtaiof 
the  lower  part  of  the  capsule,  mngnlfied ;  ahowing  the  eeDtral  plafcenta  eo^erejl  wlUi  ttaaf: 
cending  Kcdt.  843-  A  magnifltKl  «eed,  with  Its  cellular,  wing-like  testa.  844  Seetknef  tfat 
nuctous,  showing  the  embr>o  in  the  midst  of  albumen. 
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%agii,  ICtellay  Sao*  KooU  somewhat  ftfltringent^  in  Heuchera  60  mnck 
£0  that  H»  Americaim  i»  called  Alumnroot.  HTDRANaiEiB :  ahrubsy 
with  simple  opposite  leaves  and  no  stipules.  JSr.  Hydrangea  and 
Philadelphosy  the  latter  poljandrons.  Bai»31EuB  :  Australian 
shrubs^  with  opposite  and  eovnpound  sessile  leaves  and  no  stipules; 
CumONiEJE ;  woodj  plants,  with  opposite  simple  or  compound  leaves 
and  inlerpetidar  stipules.  KscALLONiSiE  :  woodj  plants,  with 
alternate  siqaple  leaves  and  no  stipules.  iSc  Escallonia,  of  South 
America^  Itea. 

832.  Ord.  namamelaeeB  {WUch-Hazel Family).  Shrubs  or  small 
trees,  with  alternate  simple  leaves,  without  stipules.  Flowers  often 
poljgamous.  Petals  valvat,e  in  testiTation.  •  Stamens  twice  as  many 
as  the  petals,  lialf  of  them  sterile  ;  or  numerous,  and  the  petals  none. 
Summit  of  tlie  two-celled  ovary  free  from  the  calyx,  a  sii^le  ovule 
suspended  from  the  summit  of  each  cell :  styles  two,  distinct.  "Cap- 
sule cartilaginous  or  bony.  Seeds  bony,  with  a  small  embryo  in 
hard  albumen.  —  Ex.  Hamamelis  (Witch-Hazel),  Fothergilla.  A 
small  order,  of  little  importance.  Hamamelis  is  remarkable  for 
flowering  late  in  autumn,  just  as  its  leaves  are  falling,  and  perfecting 
its  fruit  the  following  spring.  To  this  order  is  now  appended  the 
genus  Liquidambar,  or  Sweet-Gum,  which  has  been  taken  as  the 
type  of  a  distinct  order ;  but  it  is  rather  a  reduced  and  apetalous 
form  of  the  present  order*    It  may  stand  as  a  suborder,  viz. 

833.  Snbord.  BtbamiflnS  {Sweet-Gum  Family),  consisting  of  a 
few  4recs,  with  alternate  palmately-lobed  leaves,  and  deciduous 
stipules ;  the  monoscious  flowers  in  rounded  aments  or  heads,  desti- 
tute of  floral  envelopes ;  the  kidurated  capsules  forming  a  head : 
they  are  two-beaked,  opening  betw^n  the  beaks,  the  cells  ripening 
one  or  two  seeds,  although  the  ovules  are  numerous.  The  Sweet-gum 
is  so  called  from  a  fragrant  balsam  or  gtarax  which  it  exudes. 

834.  Ord,  UmbellifenB  {Pardey  Family).  Herbs,  with  hoHow 
atems,  and  alternate,  dissected  leaves,  with  the  petioles  sheathing 
or  dilated  at  the  base.  Flowers  in  simple  or  mostly  compound  um- 
bels, which  are  occasionally  contracted  into  a  kind  of  head.  Cal}'x 
entirely  coherent  with  the  surface  of  the  -dicarpellary  ovaiy;  its 
limb  reduced  to  a  mere  border,  or  to  Ave  small  teeth.  Petals  five, 
valvate  in  Aestivation,  inserted,  with  the  five  stamens,  on  a  disk 
which  crowns  the  ovary;  their  points  inflexed.  Styles  two;  their 
haseA  often  united  and  thickened,  forming  a  stylopodium.  Fruit 
dry,  a  cremocarp,  consisting  of  two  united  carpels,  at  maturity  separ 
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rable  from  each  other,  and  often  from  a  slender  axis  (carpophore)^ 
into  two  achenia,  or  meriatrps  :  the  face  by  which  these  cohere  re- 
ceives the  technical  name  of  commtsntre  :  they  are  marked  with  a 
definite  number  of  riln  (Juga)y  which  are  sometimes  produced  into 
wings :  the  intervening  spaces  (intervals),  as  well  as  the  commissure, 
sometimes  contain  canals  or  receptacles  of  volatile  oil,  called  vitta: 
these  are  the  principal  terms  peculiarly  employed  in  describmg  the 
plants  of  this  diffichlt  family.  Embryo  minute.  Albumen  Imrd  or 
corneous^ — Ex.    The  Carrot,   Parsnip,  Celery,  Caraway,  Anise, 
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Coriander,  Poison  Hemlock,  &c.  are  common  representatives  of  this 
well-known  family.  Nearly  all  Umbelliferous  plants  are  furnished 
with  a  volatile  oil  or  balsam,  chiefly  accumulated  in  the  roots  and  in 
the  reser\'oirs  of  the  fruit,  upon  which  their  aromatic  and  caitnina- 
tive  properties  depend :  sometimes  it  is  small  in  quantity,  fo  ts 
merely  to  flavor  the  saccharine  rooU,  which  are  used  for  food ;  as  in 
the  Carrot  and  Parsnip.  But  in  many  an  alkaloid  principle  exbts 
pervading  the  foliage,  stems,  and  roots,  especially  the  latter,  which  ren- 

FIO.  846.  Conkim  niaealatiim  (Poison  Homloek),  a  portion  of  Um  spotted  stem,  with  t  haf  i 
and  an  ambel  wtth  young  fkult  84S.  A  flowering  umbollet  847.  A  flower,  enlaised.  848.  Tbi 
Arnlt.  840.  Crow  eectlon  of  the  iwne,  showing  the  InTolats  (eawpytonpfrmon*)  albomra  of  tke 
two  seeds.  860.  Longltodinal  section  of  one  mericarp,  exhibiting  Um  aniuule  ettftl>r^  msr  (bi 
apex  of  the  aibomen. 
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tier*  tbem  acrid-narcirtic  poisons.  And,  finally,  manj  species  of 
vrarm  regions  yield  odorous  gum-resins  (such  as  Galbanum,  Assa- 
foetida,  &c),  which  have  active  stimulant  properties.  The  stems  of 
Celeiy  (Apium  graveolens),  which  are  acrid  and  poisonous  when 
the  plant  grows  wild  in  marshes,  &c^  are  rendered  innocent  by 


cnltivation  in  dry  ground,  and  by  blanching.  Among  the  virulent 
acrid-narcotic  species,  the  most  famous  are  the  Hemlock  (Conium 
maculatura),  and  Cicuta  maculata  (Cowbane,  Water-Hemlock),  indi- 
genous to  this  country,  the  root  of  which  (like  that  of  the  C.  virosa 
of  Europe)  is  a  deadly  poison.  A  drachm  of  the  fresh  root  has 
kiUed  a  boy  in  less  than  two  hours. 
835.  Old.  Araliaeeo  (Ginseng  or  Ivy  Family/)  scarcely  differs  from 


the  last  in  floral  structure,  except  that  the  ovary  is  mostly  composed 
of  more  than  two  carpels,  and  these  do  not  separate  when  ripe,  but 

flO.  861.  Fkm«r  of  Osmorrhin  Unigtetylli.  863.  UmWl  of  the  bum  In  ftruit :  o,  the  Ibto- 
kicelf.  853.  Th*  ripe  mericarps  wpanang  tnm  Uie  axis  or  carpophore.  854.  Crois-seetioii 
of  Um  fhiit  of  ADgellca,  wheie  Um  latwal  riba  an  prodaced  Into  wings :  the  black  dots  repre- 
8MiittMTiU«,asth^appearinaefoa8-eeetioa.  856.  One  of  ttw  Bwricwpa  of  the  same,  show- 
lag  the  inner  Ace,  or  eommiaenra,  as  well  as  the  traasTerse  seetkm,  with  two  of  the  TittoB,  a. 

flO.  856.  flower  of  Aialin  nndleanlis  (Wild  Sarmparilla);  a  vertical  sectloo,  dUplayIng 
two  of  the  cells  of  the  ovary.  867.  Cpoe».eeetlon  of  the  orary.  858.  Longitudinal  section  of  • 
seed,  magnified,  showing  the  smaU  embryo  at  the  upper  end. 
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become  dfupea.or  betries ;  and  Urn  albumen  is  not  bazd  like  horn, 
but  only  Aeshy.'^JSx,  Aralia  (the- Spikenard,  the  Wild  SarsapariUa, 
Ginseng),  ajld  Hederaj  (the  Ivy).  Their  properties  iire  aromatii^ 
stimulant,  somewhat  tonie,  and  alterativa 

8a6.  M.Cmkmm(,Cornd.otI)oguH>odFcm9Uj^^  Cbieflj trees <ff 
shrubs ;  with  the  leaves  ahnost  always  opposite,  destitute  of  stipules. 
Flowers  in  cymes,  sometimes  in  heads  surrounded  by  ook>red  involu- 
cres. Calyx  coherent  with  the  two^eeUed  ©vary;  the  veiy  small 
limb  four-toothed.  Petals  four,  valvate  in  a^tivsition.  Stamens 
four,  alternate  with  the  petals.  Styles  united  into  one. :  Fruit  a 
two-celled  drupe.  Embryo  nearly  as  long  as  the  albumen ;  eotjle^ 
dons  broad  and  flat  —  Ex.  Comus,  the  Dogwood.  Chiefly  remark- 
able for  their  bitter  and  astringent  bark,  which  in  this  country  has 
been  substituted  for-  Cinchona.  The  peculiar  principle  they  ocmtain 
is  named  Oamtne.  Comus  Canadensis  (Fig.  321,  322)  is  a  k>w 
and  herbaceous  species.  —  A  reduced  form  of  this  order  occurs  in 
Nyssa  (the  Tupelo  or  Sour-Gum),  which  has  dioecious  or  polyga- 
mous flowers,  the  sterile  ones  at  least  apetalous,  the  ferdle  ones  ap- 
pearing to  be  so  on  account  of  the  limb  of  the  adherent  calyx  being 
obsolete ;  the  style  stigmatic  down  one  side  and  revolute ;  the  ovary 
and  drupe  one-celled  and  one-seeded.  '  The  fruit  id  add.  The  wood 
of  the  common  Sour  or  Black  Gum-tree,  or  Pep^ridge,  is  cbse^ 
grained,  and  hard  to  split. 

Division  IL    Monopetalous  Exoobnocs  Plants. 

Floral  envdopes  consisting  of  both  calyx  and  corolla  i  the  p^als 
more  or  less  united  (corolla  gamopetalous).-T— A  few  true  Ericaoes, 
with  all  the  Pyroleas  and  some  Monotropee,  are  poly))etalous :  the 
Aquifoliaceas  are  nearly  so,  as  are  some  of  several  of  the  succeeding 
orders,  and  Fraxinus,  &c  in  Oleaceaa.  The  laUer  genus  is  apeta- 
lous, and  so  are  one  or  two  genera  in  other  generally  Monopetaloos 
orders. 

Conspectus  of  the  Orders. 

Grmqt  1.  Ovary  coherent  with  the  caljrx,  two-  to  lerend'celted,  widi  one  ft 
many  ovules  ia  each  cell.  Seeds  albaminous,  with  a  small  emtnyo.  Sts^ 
mens  inserted  on  the  oovolhu   Xeaves  opposite.    , 

Stipules  wanting.  Capbifouacb* 

Stipules  interpetiolar  (or  in  one  group  the  leayes  whoried).  BuaiACsa. 
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Gfxmp  S.  Orary  cohereni  with  the  calyx,  one-celled  and  one-omled,  or  rarely 
3-celled  with  two  of  the  cells  empty,  and  the  third  one^>Tiiled.  Seed  with 
littleor  no  albumen.  Btameu  inserted  on  the  corolla.  Limb  of  the  car 
lyx  a  mere  ring,  -crown,  or  pappus,  or  nonei     Stipules  none. 

Stamens  distinct    Seed  suspended.    Leaves  opposite.  Stamens  3,  or  rarely  2. 

Flowers  often  irregular.  Yalerianacea. 

Stamens  4.  Flowers  regular,  in  an  involucrate  head.  Dipsacba. 

Stamens  syhgetiesiotts.    Seed  erect  CompobiT/B. 

Crovp  3.  Oruy  ooheiwit  with  the  calyx,  with  two  or  more  cells  and  numer- 
ous ovolctSi  Seeds  -albuminous^  Stamens  inserted  with  the  corolla  (epi- 
gynons) :  anthers  not  opening  by  pores.    Juice  more  or  less  milky. 

Corolla  irregular.  Stamens  united  by  their  anthers  or  filaments.  Lodeuaceje. 
Coroll*  i^ttlar.    Stamens  distinct  Campakulacejb. 

Grovp  4.  Ovary  free  from  the  calyx,  or  sometimes  coherent  with  it,  with  two 
or  more  cells  and  few  or  many  orules.  Seeds  albuminous.  Stamens  in- 
serted-with  the  corolla,  or  rarely  somewhat  coherent  with  its  base,  as  many, 

•  'or  twice  as  many,  as  ita*  lebearanthera  aioetly  opening  by  pores  or 

chinks.  EsiCACKii* 

^rmiph»  ■  Ovary  free,  or  rarely  coherent- with  the  calyx,  several-celled,  with  a 
■iDgiO'OVQle  kot  al  least  a  single  teed)  in  eadi  cell.    Seeds  mostly  albn* 

.^.  minoiis* .  Slametts  definite,  as  many  as  the  lobes  of  the  (often  almost  poly- 
petalous)  corolla  and  alternate  with  them,  or  two  to  four  times  as  many : 
anthers  not  openiqg  by  pores*  —  Trees  or  shrubs. 

Stainens  as  many  as  the  lobes  of  the  corplU :  no  sterile  ones.  Aq^uitouac&s. 
Stamens  more  numerous  than  the  lobes  of  thecorolUf  and  all  fertile. 

Flowers  polygamous :  calyx  free.  EBBNACBiS. 

Flowers  po&ot :  calyx  more  or  less  adnate.  STTRACACBiB. 

Stamens  as  many  fertile  as  the  lobes  of  the  corolla  and  oi^>06ite 

them.  SAPOXACBiB. 

Grmtp  6.  Ovary  free,  or  wi^  the  base  merely  coherent  with  the  tube  of  the 
calyx,  one-celled,  with  a  free  central  placenta.  Stamens  inserted  into  the 
regular  corolla  opposite  its  lobes !  which  they  equal  in  number.  Seeds 
albuminous. 

Shrubs  or  trees  (al}  tropical)  i  fimit  dn^aceons.  Myrsinacea. 

Herbs  :  fruit  capsular.  pRiMULACBiB. 

Gnmp  7.    'Ovary  free,  one-celled,  with  a  single  ovule ;  or  two'<^led  with 

*  seveml  ovules  attached  to  a  thick  central  placenta.  Stamens  as  many  as 
the  lobes  of  the  regular'  corolla  or  the  nearly  distinct  petals.  Seeds  albu- 
minous. 

Ovary  two-celled :  style  singly :  stamens  4,  or  rarely  less.  Plastaoih acejb. 
Ovaiy  one-celled  :  styles  and  stamens  5.  PLUMBAOiNACBiE. 

^he^  8;    Ovary  free,  or  rarely  partly  coherent,  one-  or  two-  (or  i puriously 

Digitized  by  VjOOQIC 


4d0  ILLUSTRATIONS  OF  THE  NATURAL  ORDERS. 

foar*)  celled,  with  namerons  ovales.    Corolla  bn«biato  or  iir^gnlar;  the 
stamens  iDserted  upon  its  tabei,  and  mostly  fewer  thao  its  lobes. 

Oraiy  I -celled  with  a  central  placenta.    Btameos  S.  Lbstibuiacba 

Ovary  1 -celled,  or  spuriously  2--&-eelled  with  parietal  plaoeiit«. 
Seeds  very  namerons  and  minute,  albaminons. 
Plants  destitute  of  green  herbage.  Orobahchacejil 

Plants  with  green  herbage.  GiSKiaucBJL 

Seeds  few  or  many,  laige :  albamen  none*  Biokoxucbji. 

Ovary  2-celled,  with  the  plaoentss  in  the  axis. 
Corolla  eoBvokite  in  lestiration.    Seeds  few;  no aUnmen.      AcairrHicu. 
Corolla  imbricated  in  SBStivation.    Seeds  albaminoos.      ScBOPHULAEiAcaA. 

Group  9.  Ovary  free,  two-  to  foor-lobed,  or  at  least  separating  or  splittio| 
into  as  many  one-seeded  nuts  or  achenia,  or  drapaceoas.  Corolla  r^galsr 
or  irregular ;  the  stamens  inserted  on  its  tube,  equal  im  number  or  fewer 
than  iu  lobes.    Albumen  little  or  none. 

Stamens  4,  didynamous,  «r  9.    Coralla  moie  or  less  irregular. 

Ovary  net  4-lobed  :  style  terminal.  YBSBiKiCiJB. 

Ovary  of  4  lobes  around  ih^  base  of  the  style.  Labiata 

Stamens  5.    Flower  regular.    Leaves  alternate.  BoEaAOiVACCJC. 

Croup  10.  Ovary  free,  compound,  or  rarely  the  carpels  two  or  mare  and  ^ 
tinct:  the  ovules  usually  several  or  numerous.  Corolla  regular;  the  ita- 
mcns  inserted  upon  ix»  tube,  as  many  as  the  lobea  and  abemate  with  then. 
Seeds  albamino«s. 

PlacentsB  9,  parietal  (sometimes  expanded  or  united).    Embrjro  minute. 

Hairy  herbs.    AHmmen  cartilaginous.  Hyorophtllacex. 

Smooth  herbs.    Albumen  ^eshy.  OBirriAXACiA 

PUiocntie  In  the  axis :  ovary  with  2,  3,  or  rarely  seiceral -cells. 

Embryo  large,  coiled  or  folded.  -  Seeds  few.  GomroLTUtACEi. 

Embryo  straight,  with  broad  cotyledons.  Foumoihacia 

Embryo  curved,  rarely  strait,  slender.    Seeds  numerous*         Solavacba 

Group  11.  Ovaries  9  and  distinct  (or  sometimes  :nmted),1>ut  the  stigmas  united 
into  one  and  often  the  styles  also.  'Stamens  as  many  as  and  alternate  with 
the  lobes  of  the  regular  corolla,  which  is  convolute,  or  rarely  valrate  in 
SBStivation.  Anthers  olVen  connected  with  the  stigma.  Fruit  usually  a  pair 
of  follicles.  Seeds  mostly  numerous,  often  •oomose.  Embryo  huge  sod 
atraight,  in  sparing  albumen.    Juice  milky. 

Pollen  powdery.  ApocniACB& 

Pollen  in  waxy  or  granular  masses.  Abclbmadacia 

Group  12.    Ovary  free,  two-celled,  the  cells  mostly  two-ovuled,  and  the  fraitoa^ 

f         seeded.    Corolla  regular  (sometimes  nearly  polypetalous  or  wanting) ;  tlia 

stamens  (two)  fewer  than  its  lobes.  —  Shrubs  or  trees. 

Seeds  erect    Corolla  imbricated  or  contorted  in  sestivation.  Jasnivacia 

Seeds  suspended.    Corolla  valvate  in  estivation.  Olbacb* 
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837.  Ord.  CaprifoliaeeiB  (Honeysuckle  Family).  Mostly  shrubs, 
often  twining,  with  opposite  leaves,  and  no  stipules  (but  Viburnum 
often  has  appendages  like  them).  Calyx-tube  adnate  to  the  2-5- 
celled  ovary;  the  limb  4-5-cleft.  Corolla  regular  or  irregular. 
Stamens  inserted  on  the  corolla,  as  many  as  the  petals  of  wliich  it  is 
composed,  and  alternate  with  them,  or  rarely  one  fewer.  Fruit 
mostly  a  berry  or  drupe.  Seeds  pendulous,  albuminous.  —  ^.  Tlie 
Honeysuckles  (Lonicera),  wliich  have  usually  a  peculiar  bilabiate 
corolla  (473),  the  Snowberry  (Symphoricarpus),  Diervilla,  which 
has  a  capsular  fruit,  &C.,  compose  the  tribe  Lonicere^,  character- 
ized by  their  tubular  flowers  and  filiform  style :  while  the  Elder 
(Sambucus)  and  Viburnum,  which  have  a  rotate  or  urn-shaped 
corolla,  form  the  tribe  SAMBUCEiE.     Chiefly  plants  of  temperate 


regions.  Several  species,  such  as  Honeysuckle,  &C.,  are  widely 
cultivated  for  ornament  They  are  generally  bitter,  and  rather 
active  or  nauseous  in  their  properties. 

838.  Ord.  RublaceS  (Madder  Family).  Shrubs  or  trees,  or  oflen 
herbs,  with  the  entire  leaves  either  in  whorls,  or  opposite  and  fur- 
nished with  stipules.     Calyx-tube  completely,  or  rarely  incoihpletely 

no.  859.  Braoeh  of  Lonloeitt  (XjkMtemi)  obUmgUblU:  th«  two  •▼mriet  united !  800.  Lo- 
Bleerm  (Caprlfolium)  parriflora.  861.  A  flower  about  the  natural  siae.  862.  Lons^tudlnal  teo 
tfcw  of  the  ovary.  868.  Longitudinal  Mction  of  a  magnified  aeed,  showing  the  albumen  and 
abrjo. 
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adnate  to  the  2-5-celled  ovarj;  the  Ihnb  ibur-  or  fiven^ft  or 
toothed,  or  occasionally  obadete.  Stom^is  as  manj  as  tlie  lobes  cf 
the  regular  corolla,  and  alternate  with  them,  inserted  on  ^  ittbe« 
Fruit  various.  Seeds  albuminous.  -^  This  extensive  &mily  "divides 
into  two  principal  suborders,  viz. :  — « 

839.  8nbord.  StellatCS  {Madder  Famify  proper).  Hei^s,  wtdi  the 
leaves  in  whorls ;  but  all  except  a  single  pair  are  generallj  supposed 
to  take  the  place  of  stipules.  —  Ex.  Galium,  Rubia  {the  Madder), 
dec,  nearly  all  belonging  to  the  colder  parts  of  the  workL  The  roots 
of  Madder  yield  the  important  dye  of  that  name ;  and  those  of 
several  species  of  Galium  are  imbued  with  a  similar  red  eolorbg* 
matter. 

840.  Sobord.  Cindioneff  {Perutim-Bark  Femihj).  Shrubs,  trees, 
or  herbs ;  the  leaves  opposite  and  furnished  with  stipules,  which  are 
very  various  in  form  and  appearance.  —  Ex.  Cephalanthus  (Button- 


®^  r      \ 


brush),  Pinkneya,  and  an  immense  number  of  tropical  genera. 
Very  active,  and  generally  febrifugal  properties  prevail  in  this  large 
order.  It  furnishes  some  of  the  most  valuable  known  remedial 
agents,  among  them  Peruvian  Bark  or  Cinchona^  and  Jpecacuanha. 

FIO.  S64.  Piece  of  RtiMa  tloctorU  (ttie  Msdder)  In  flower.  S6&  The  tnAL  806  Tbe  t«o 
eoiMltiMDt  portkmt  of  flw  fhiil  •ApMPtttlDg.  807.  Veirtteal  tectfcm  of  dito  earpd,  ihovlDC  (he 
carved  embryo.    8C8.  Seetkm  Of  a  flower  ofOalimn. 

FXQ.  808.  Oei>hftlMithiM  oeeMentallt,  the  Button^Boak.  870.  A  flower,  token  tnm  the 
hend.    871.  The  coroUa  laid  open. 
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The  febriftigal  properties  of  the  former  depend  on  the  presence  of 
two  alkaloids,  CYncAonta  and  ^t'ma,  both  combined  with  Kinic  acid. 
The  Quinquina  barksj  which  are  derived  from  some  species  of  Ex- 
ostemma  and  other  West  Indian,  Mexican,  and  Brazilian  genera, 
contain  neither  cinchonia  nor  quinia.  The  bark  of  Pinckneya  pu- 
bens,  of  the  Southern  United  States,  has  been  substituted  for  Cin- 
chona. —  The  true  Jpeeacuanha  is  furnished  by  the  roots  of  Cepha- 
felis  Ipecacuanha  of  Brazil  and  New  Granada.  Its  emetic  principle 
(called  Emetine)  also  exists  in  Psychotria  emetica  of  New  Granada, 
which  furnishes  the  tirtated^  htack,  or  Peruvian  Ipecacuanha.  The 
order  likewise  furnishes  Coffee,  the  homy  seed  (albumen)  of  Coffaea 
Arabica.  According  to  Blume,  the  leaves  of  the  Coffee-plant  are 
used  as  a  substitute  for  tea  in  Java. — To  this  order  may  be  ap- 
pended, either  as  a  suborder,  or,  as  in  a  general  work  it  is  more  con- 
veniently regarded,  the 


841.  Ord.  Loganiaees,  which  may  be  briefly  said  to  be  RubiacesB 
With  a  free  calyx,  and  manifestly  connected  with  the  Cinchoneae 
through  the  Houstonia  section  of  Oldcnlandia,  with  a  partly  free 

FIO.  872.  Oldralandla  (Honetonia)  caernlea.  878,  874  The  two  aorta  of  flowera  that  dSflbr* 
•Dt  indlTidoala  bear,  with  the  corolla  laid  open ;  one  with  the  atamena  at  the  baae,  the  other 
at  the  aummit  of  the  tube :  the  lower  figure  ahowa  also  a  aectioa  of  the  ovary.  876.  Craaa* 
acctkm  of  ao  anther,  magnified.  876  Anther  leaa  enlarged,  opening  longitodlnallx.  877. 
OBpenle  with  the  ealji.  878,  879.  Viewa  of  the  capanle  la  dehlaoenoe.  880.  J>lagnua  of  a 
croaaeecttop  of  the  uoexpanded  flower. 

37 
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calyx.  On  th6  other  hand,  ihej  nm  doae  to  Sen^halariacee  $oi 
Apocynaceie*^ — Spigelia  Murikipdioa  {tbe  CaroUnn  Piiik<<root|  « 
well  known  vernuAiget  of  eomewliat  AQrid-Hoarcotic  furopertiw),  and 
Gelsemium  (the  so-called  Yellow  JesaaiDiiie  of  the  Southern  Siatoe) 
are  the  most  conBpicuous  repreaentatiTes  of  the  graap  in  this  qouih 
try.  The  active  properties  of  the  family  are  most  conspicaoas  in 
species  of  Strychnos.  The  fatal  drag,  JTux^vprnieoy  hosa  which 
strychnine  is  extracted,  consists  of  the  seeds  of  an  East  ladiaa 
Strychnos.  7V«til0,  anotlier  frightM  poison^  is  prepared  from  a 
Java  species,  and  the  Ouari  poison  of  South  America^  from  a  third 
species.  Meanwhile  a  Brazilian  species,  &  Ps^doquina,  has  a  hann- 
less  fruit,  and  its  hark  (  Copalche  hark)  is  reputed  to  be  tin  Q^uselleot 
febrifuge,  fully  equal  to  Cinchona. 

842.  Ord.  TtkriaDlM^  (  Valman  iW*/y).  Herbe  with  opposite 
leaves,  and  no  stipules.  Flowers  often  in  C3rmes,  pooidesi  or  beads* 
Limb  of  the  adnate  calyx  two-  to  four-toothed,  obsolete,  or  else 


forming  a  kind  of  pappus.     Corolla  tubular  or  funnel-form,  i 
times  with  a  spur  at  the  base,  /our-  or  five-lobed.     Stamens  distinct, 
inserted  on  the  corolla,  usually  fewer  than  its  lobes.     Ovary  one- 

flG.  881.  Brnwh of  IMia n«op jmm.  883.  A BMffnllWdllQffvr.  888.  Allralt.  884- M 
tnlMsed  eroM-Meftkm  of  the  mom,  and  Um  eotyledons  of  Um  Med  in  the  slock  fertUeeell:  ^ 
two  empty  oelle  are  eonfloent  Into  one.  885  Flower  of  a  ValeHan,  with  one  of  the  peppai* 
Uke  brietlce  of  the  calyx  niiioll«d.  SSG^  SeeUoa  thtonch  the  ovaigr  and  embiyo  \  the  bckttie 
of  the  calyx  broken  away. 
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omled,  with  one  perfect  cell  and  two  abortive  ones*  .  Fiuit  a  kind 
of  achenium*.  Seed  suspended,  exalbuminocuu  ..Embryo  j^Uaigbt.. 
i^dicle  superior. — Mc4  Valeriana,  the  Yaferian,  and  Fedia,  the  Lambr 
Lettuce;  the  latter  is  eaten  as  a  salad.  The  perennial^  species» 
espedallj  the  itxits,  exhale  a  heavj  wad  peeuliai;  odor,,  have  a  som^ 
what'bitter,.acrid  taste,  and  are  antispasmodic  and.  vennifu^ 
VdUerian  of  the  shops  is  chiefly.  fn>m  Valeriaiui.  officinalis  pf  the 
Seath  of  Europe.  It  produces  a  peculiar  intoxication  in  cats.  The 
large  .roots  of.  V.  edulis  a^e  eaten  bf  th&  aborigines  of  Oregon. 
The  famous  Spikenard  of  the  ancients^  esteemed  as  a  stimulant 
medicine  4IS.  well  as.  a  pedume,  is.therootoC  i^  ^ardostachys.of  the 
Himalayas* 

843.  Old.  Dipiaees  {Ttatd  Famkfy  Herbs^  with  opposite  xmt 
whoxied  sessile  leaves^  destitute  of  stipulest  Flowers-  in  dense 
heads,  which  are  surrounded  by  an  involucre, .  Ijmb  of  .the  adnate 
ealyx  cup-shaped  and  entire  or  toothed,  or  Arming  a  bristly ^c 
plumose  pappus*  Corolla  tubular ;  the  limb  fburr  or  five*lobed,  some-, 
what  irregular.  Stamens  four,  distinct,  or  rarely  united  in  pajrs, 
often  unequal,  inserted  on  the  corolla.  Ovary  one-celled,  one-ovuled. 
Seed  suspended,,  albuminous* — Ex*  Dtpsacus,  the  Teasel,  and 
Scabiosa,  or  Scabious.  All  natives  of  the  Old  World.  Tetiseh  are 
the  dried  heads  of.  Dipsacus  fullonum,.  covered  with  stiff  and  spiny 
bracts,  with  recurved  points.' 

844.  Ord.  CompodtB  (Compo$Ue  cr  Sunflower  Family).  Herbs 
or  shrubsi  with  the  flowers  in  heads  (compound  flowers  oC  the 


older  botamsts,  394,  Fig.  323-325),  crowded  on  a  receptacle,  and 
surrounded  by  a  set  of  bracts  (scales)  forming  an  involucre ;  the  sep- 
arate flowers  often  furnished  with  bractlets  {chafy  palem).  Limb  of 
the  adnate  calyx  obsolete,  or  sl  pappus  (Fig.  569-573),  consisting 

no.  S87.  X}mAUaammnidCkaiQry(T\g:2aa):m^k»^ 
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'of  hairs,  bristles,  scales,  &c  CoroHa  regular  or  irregular.  Sta* 
mens  five,  as  many  as  the  lobes  or  teeth  of  the  regular  corolla,  in- 
serted on  its  tube:  anthers  united  into  a  tube  (sf/ngene$i(mt,T\g, 
463,  464).  Style  two-cleft.  Ovule  solitary,  erect,  anatropons. 
Fruit  an  achenium  (Fig.  568-573),  either  naked  or  crowned 
with  a  pappus.  Seed  destitute  of  albumenn.  Embryo  straight  — 
This  vast  but  very  natural  family  is  divided  into  three  series  or 
suborders ;  viz. :  — 

845.  Bnbord.  Tabnlidanr.  Corolla  tubular  and  r^ularly  four-  or 
five-lobed,  dther  in  all  the  fiowers  (when  the  head  is  diseotd),  or  in 
the  central  ones  (those  of  the  disk)  only,  the  marginal  or  rayjlowerg 
presenting  a  ligtdate  or  strap-shaped  corolla.  —  Eoc,  Liatris,  Eupato- 
rium,  &c ;  where  the  heads  are  homogamouSj  that  is,  the  fiowers  all 
tubular,  similar  and  perfect:  Helianthus  (Sunfiower),  Helenium, 
Aster,  &c ;  where  the  heads  are  heterogamaus  ;  the  diA  fiowert 
being  tubular  and  perfect,  while  those  of  the  ray  are  Uguktte,  and 
either  pistillate  only,  or  neutrcdy  that  is,  destitute  of  both  stamens 
and  pistils. 

846.  Snbord.  laUatiflonr.  Corolla  of  the  disk-fiowers  bilabiate.— 
JSx.  Chaptalia,  of  the  Southern  United  States ;  and  many  South 
American  genera,  &c. 

847.  Snbord.  Upliflore.  Corolla  of  the  fiowers  (both  of  the  disk 
and  ray)  all  hgulate  and  perfect.  —  Ex.  The  Dandelion,  Lettuce, 
Cichory  (Fig.887),&c 

848.  This  vast  family  compnses  about  a  tenth  part  of  all  Pli»- 
nogamous  plants.  A  bitter  and  astringent  principle  pervades  the 
whole  order;  wluch  in  some  is  tonic  (as  in  the  Chamomile,  the 
Boneset  or  Thoroughwort,  dec) ;  in  others,  combined  with  mucilage, 
so  that  they  are  demulcent  as  well  as  tonic  (Elecampane  and  Colts- 
foot) ;  in  many,  aromatic  and  extremely  bitter  (such  as  Wormwood 
and  all  the  species  of  Artemisia)  ;  sometimes  accompanied  by  acrid 
qualities,  as  in  the  Tansy  and  the  Mayweed,  the  bruised  fresh  herb- 
age of  which  blisters  the  skin.  The  species  of  Liatris,  which  abound 
in  terebinthine  juice,  aro  among  the  reputed  remedies  for  the  bites 
of  serpents ;  so  are  some  species  of  Mikania  in  Central  America. 
The  juice  of  Silphium  and  of  some  Sunflowers  is  resinous.  The 
leaves  of  Solidago  odora,  which  owe  their  pleasant  anisate  fragrance 
to  a  peculiar  volatile  oil,  are  infused  as  a  substitute  for  tea.  From 
the  seeds  of  Sunfiower,  and  several  other  plants  of  the  order,  a  bland 
oil  is  expressed.    The  tubers  of  Helianthus  tuberoeus  are  eaten 
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under  the  name  o£  Jerusalem  artichokes ;  Girasoiay  the  Italian  name 
of  Sunflower,  having  become  Anglicized  into  Jerusalem.  True  arti- 
choke*  are  the  fleshy  receptacle  and  imbricated  scales  of  Cynara 
Scolymus.  The  flowers  of  Carthamus  tinctorius,  oflen  called  Saf- 
fron, yield  a  yellow  dye,  much  inferior  in  quality  to  true  Saffron. 
—  The  Ligulifloras,  or  Cichoraceie,  all  have  a  milky  juice,  which  is 
narcotic,  and  has  been  employed  as  a  substitute  for  opium.  The 
bland  young  leaves  of  the  garden  Lettuce  are  a  conunon  salad.    The 


roasted  roots  of  the  Wild  Succory  (Cichorium  Intybus)  are  ex- 

FIG.  888.  End  of  lifttrifl  ■qi»m»a  (dbeoid ;  tli*  flonwn  all  talmlar  and  perfect).  889. 
Tbm  MBM,  wlUi  tb«  fcakt  of  one  tide  of  Ui«  imbrleatod  InTolaera  nmoTBd ;  and  also  all  tha 
flowan  Imt  ona,  ihowing  tlia  nakad  flat  reeeptaela.  880.  PortiOB  of  ona  of  the  plmnoae  bria- 
«Iaa  of  the  capillary  pappoa  881.  Head  of  HalBnlam  aatamnato  (ha^^rogamoiis)  j  the  layi 
naatral,  conaisting  merely  of  a  Ugulate  corolla.  892.  The  same,  with  theilowera  all  remored 
from  the  roandlah  receptacle,  except  a  slagle  diak-flower  and  one  or  two  laye :  the  reflezed 
•eakaof  the  InToloeminaaliifleaerlea.  888.  Magnillad  dbk-Aower  of  the  aama :  the  ootoUa 
oshiblUog  the  peeuUar  TenadoQ  of  the  Cunlly ;  namely,  the  teina  oorreepondinc  to  the  einiuea, 
and  aending  a  branch  along  the  margina  of  the  lobea.  894.  The  aame,  with  the  corolla  re- 
mofed ;  the  aeheniam  crowned  with  the  Hmb  of  the  calyx  In  the  fbrmof  a  chai^  P«ppu«i  of 
abOQtflTeaealea.  80S.  A  chaff  of  the  pappqa  mora  magnified.  806.  A  tobolar  corolla  of  thia 
family  laid  open,  ahowing  the  Tenation ;  and  alao  the  fire  syngeneaioaa  anthera  nnited  In  a 
«ob^  Ummgh  which  ttie  two-elefl  etyle  paaaea.  887.  H^ad  of  DrHsop^  amplexkaaUa,  with 
the  flowera  ranored  tnm  the  elongated  aplke-Uke  reeeptaela.  except  a  few  at  the  baae :  a, 
aeheniaB  of  one.  of  the  diakpfloweia  magnHled,  partly  cnekMed  by  Ita  braetlei  (chaff  or 
palea);  the  pappoa  obaolete  898.  Part  of  the  Involucre  and  alveolate  (honeycomb-like)  re- 
ceptacle of  Onopordoo  or  Cotton-Tblatla.  800.  A  peribct  and  Ugulate  flower  of  thaPandillOB, 
with  ita  halr>like  or  capillary  pappoa. 
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tensively  nsecl  to  adultenrte  eoflfee:  and  the  rewU  of  «mie  spedej 
of  Tragopogon  (SaMfy^  QTStei^^dant)  and  Seorzonera  arc  wefl* 
known  esculents. 

849.  9rd»  UlMimv  (Lobelia  Hmtfy).  Herbs  tvr  Mbewb^ 
shitrbbj  plantir,  often*  jielding  s  mHkyjuice^  with  alternate  leeres 
and  perfect  tidwers;  Limiii^f  the  adnate  cal^rx  five^deft.*^  CoroUft 
irregularly 'ilye4obed^1ntiai!}r  appearing  bilabiate,  deft  on  one  dde 
nearly-  or  quite  to  theh  base.  Stamens  5,  eptg^nnoa^,  coherent-  into  a 
tube.  Stigma  fringed.  Capsule  one-seyeral-celled,  manj-seeded. 
Seeds  albuminoa*.-<-£r.  Lobelia.  All  narcotico-«erid  poisons* 
The  well4:nown  Lobelia  inflata  (Indian  Tobacco)  is  one  of  the  moiX 
powerful  articles  of  the  materia  medica,  andinost  dangerous  in  the 
hands  of  the  teekless*  quacks  wha  «se  it.  ^^^  This  order  is  mitya 
form  of  the  next,  with  irregular  flowers. 

850.  (M.  CampannlaeeS  {Campamda  Family).  Herbs,  like  the 
last,  but  the  juice  less  acrid,  and  the  corolla  regular,  campanulate^ 


ii8aa]l7"fiTe4obed,  withering*    Stamens  five,  distinct.    Style  fur* 


'no.  too.    OMpMnk  iiUdaOMi,  M«tb  m«mm«  te4ln.   99kvLiMfei>  Mbt^n 
ite.    SOa^llinvWtMhttsed.    MS.  ^b» wntte*  fl1—irtt-ad anthm wwkMlpg  the ttyto;  tlw 

TWM  Motkm  of  a  captul*.    903.  SecUoa  of  a  magnified  seed,  ahowlng  tht  embryo^ 
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nished  witk  collecting  hiurs. — JBx*  Campanulfi  (Bell-flower,  Hare- 
b^).  Pittiits  oflUlle  known  importanoe  to  man,  except  for  or* 
nament 

8&lv  Ord^  McMB  ilHeaiUi  Family).  Shrubs,  or  small  trees,  rarely 
herbs.  Prowers*  regtiliir  and  '87mnietrical,or  nearly  80 ;  the  -petals 
setiietimes  distinct  Stamens  mostly  distinct,  free  from  the  -corolla, 
as  many  or  twice  as  many  as- its  lobes,  and  inserted  with  it  (either 
hypogjnous  or  epigynous):  anthers  often  appendaged,  commonly 
openings  by  terminal  pores.  *  Pollen  compoand  (of  feiur  united 
grains)  except  in  the  last  suborder.  Styles  and  stigmas  united  into 
one.  Ovary  with  two  or  more  cells  and  usually  numerous  ovules, 
free,  or  in  Yaceineae  coherent  with  the  calyx-tube.  Seeds  usually 
indefinite,  albumtnoos. — Most  botanists  give  the  rank  of  orders  to 
the  following  suborders. 


852.  Snbord.  Taeeinies  (  Whortleberry  Family).  Ovary  adnate  to 
the  tube  of  the  calyx,  becoming  a  berry  or  drupaceous.  Anthers 
two-celled ;  the  cells  neariy  distinct,  mostly  prolonged  above  into  a 
tube.  Shrubs,  with  scattered  or  alternate  leaves,  oflen  evergreen.  — 
£x,  Vacoinium .  (Bilbeny,  Blueberry,  Cranberry)  and  Gaylussaciu 
(Whortleberry  or  Huckleberry). 

853.  Sabord.  Erieincff  {True  Heath  Family).  Ovary  free  from 
the  calyx.  Fruit  capsular,  sometimes  baccate  or  drupaceous. 
Mostly  shrubs.  Leaves  various,  often  evergreen.  Petals  rarely 
distinct.  —  Esf.  Erica  (Heath),  Kalmia,  Rhododendron,  Gaultheria, 
Andromeda,  &c 


Vro^SOVt  BMmh^fBlMSoStadimLtpiMiileaB.  SOS.  btaflged Sovvr,  with  Hs  pwHeel  Md 
biwla.    909.  A  flower  with  ilM  oMolk  vhmivmI,  mon  «iiiaiied.    910  Tbeeftptole  of  B.  maxl- 
(  hyuptfaiiy  liiiiiinliri  f  th»>  vahw  bre«ki^  uwmj  tnm  tb»  pmbt«l  uii. 


Digitized  by 


Google 


440  ILLUSTRATIONS   OF  THE  ITATUBAL   ORDEB8. 

854.  Sobord.  EpaerideS  {EpacHs  Family).  Shrubbj  plants  of 
the  Southern  hemisphere,  with  the  aspect  and  character  of  Heaihs, 
but  the  anthers  one-celled  are  not  appendaged. 

855.  Sobord.  Pyroleff  (Pyroh  Family).  Ovary  free  from  the 
calyx.  Petals  distinct.  Anthers  two-celled.  Fruit  a  capsole. 
Seeds  with  a  very  loose  cellular  testa.  Mostly  herbs.  Leaves  fst 
and  broad,  evergreen. — JEx.  Pyrola,  Chimaphiku 


< 
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856.  fiabord«  lonotropes  {Indtan-Ptpe  Family).  Ovary  free  from 
the  calyx.  Petals  distinct  or  united.  Anthers  two-celled,  or  coi^ 
fluently  one-celled.  Pollen  simple.  Fruit  a  capsule  Seeds  with 
a  loose  or  winged  testa.     Parasitic  herbs,  destitute  of  green  color, 

FIG.  911.  OaalthcrU  procumbent  (Cheekerberrj,  fte.)  912.  TIm  enluving  csItz  In  the  Im- 
matore  fruit.  918.  Vertical  aectloii  of  the  pulpj  or  berry-like  caljx  and  the  indaded  capralt 
tthe  feeds  remoTed  Arom  the  placenta  fai  one  eell).  914.  Horiaontal  aeotioa  of  the  fame,  ihov. 
ing  the  fife-oeUed  capeule,  with  a  plaeenta  proeeeding  from  the  Inner  angle  of  each  cdl.  91& 
Section  of  a  seed,  magnified.  916.  Flower  of  a  Vaccinium  (Blueberry).  917.  Tertieal  sec- 
tton  of  the  ovary  and  adherent  calyx.  918.  Anther  of  Vaodnlnm  Vitla-Idna ;  each  cell  pro- 
longed Into  a  tube,  and  opening  by  a  terminal  poie.  919.  Anther  of  Vaednhim  My  rtillas ;  Chi 
•connectSTum  furnished  with  two  appendages.  920.  Stamen  of  an  AndffMaeda  (Gasiiope),  shev- 
Ing  the  appendages  of  the  oonneetlTum.  921.  Stamen  of  Aretostaphyloa  Uv»'Uni  sho«ii| 
the  separate  ADther-oells,  opening  by  a  terminal  poce,  the  appeadagsa  of  the  oooMCtiTaB,  md, 
the  filament,  which  y  swollen  at  the  base. 
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and  with  scales  instead  of  leaveis. — Ex.  Monotropa,  the  Indian- 
Pipe  and  Pinesap. 

857.  In  this  diTersiiied  and  widely  difTused  order,  the  bark  and 
foliage  are  generally-  astringent,  ofVen  stimulant  or  aromatic  from  a 
volatile  oil  or  a  resinous  matter,  and  not  seldom  narcotic  Thus,  the 
leaves  of  Bhododendron,  Kalmia,  and  all  the  related  plants,  are 
deleterious  (being  stimulant  narcotics),  or  suspicious.  The  honey 
made  from  their  flowers  is  sometimes  poisonous.  The  Uva-Ursi 
and  the  Chimaphila  (Pipsissewa)  are  the  chief  medicinal  plants  of 


the  order.  The  berries  are  generally  edible,  and  some  are  largely 
used  for  the  dessert ;  as  Cranberries,  Blueberries,  and  Huckleber- 
ries. The  fleshy  calyx  of  Gaultheria  (Checkerberry,  or  Winter- 
green)  has  a  very  pleasant  and  well-known  aroma.  Many  Ericacese 
are  cultivated  for  ornament,  especially  Rhododendrons  and  Azaleas, 
Heaths  and  Epacrises. 


FIG.  983.  ^yrok  ehtomntha,  mdneed  in  fin.  08&  Snkrsed  Sower.  024.  Mi^yiM  •(»- 
HMft.  92&.  PistU.  926.  CraM-MetioD  of  the  oeptnle.  987.  A  highly  mecoMed  ewd  928  The 
nadMiamnoved  fkom  the  Ioom  eellidar  lieta,  end  dlTkieil.  ehowing  the  verj  minote  embfyo. 

no.  929.    MonoCxopaaBlflom.    980.  Apetal.    981.  Caprale  with  the itemeos.    09 
fene  leccion  of  the  mum  ;  the  thick  end  lobed  placenta  ooreced  with  vezy  minute  eeeda. 
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858.  Ordi  AqsiMtaem  {HoSy  Famljf).  Tr6e»  or  skrvb^ 
monly  with  coriaceous  leaver,  and  small  axillaiy  pofygamoiis  flowers. 
Oafyx  of  four  to  sir  sepak.  Coiolla  foui^  to  eix^parted  6r  ddl : 
the  8tam«ns  as  many  as  its  segments  and  alteniate  with  tkem,  ixK 
serted  on  tlie  base  of  the  corolla.  Antliera  opening  lon^tsdinaUj. 
Oraiy  two-  to  8ix->celled ;  the  cells  -  with  a  single  suspended  ovule. 
Fruit  drupaceous,  with  two  to  six  nutlets.  Embryo  mimitet  in  hard 
albumen.  —  JSx.  Ilex,  the  Holly,  &c  The  bark  ^and  ieaves  contain 
ft  tonic^  bitter,  extractive  matterv  The  leaved  of  a  species  of  Hex 
are  used  for  tea  in  Paraguay :  and  the  famous  bltxek  drink  of  the 
Creek  Indians  is  prepared  from  the  leaves  of  Hex  vomitoria  (Gas- 
sena)  ;  which  are  still  used  as  a  substitute  for  tea  in  some  parts  o^ 
the  Southern  States. 

859.  Ord.  Ebemces  (Ebony  Family.  Trees  or  shrubs,  destitute 
of  milky  juice,  with  alternate,  mostly  entire  leaves,  and  polygamoos 
flowers.  Calyx  three-  to  six-cleft,  free  from  the  ovary.  Corolla 
three-  tO'«ix-olefl,  often  pubescent.  Stamens  twice  to  four  times  as 
many  as  the  lobes  of  the  corolla,  inserted  on  them.  Ovary  three-  to 
several-celled ;  the  style  with  as  many  divisions.  Fruit  a  kind  of 
berry,  with  large  and  bony  seeds.     Embryo  shorter  than  the  hard 
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albumen.  —  Ex,  Dio6p3rros,  the  Persimmon.  The  fruit,  which  jb 
extremely  austere  and  astringent  when  green,  becomes  sweet  and 
eatable  when  fully  ripe.  The  bark  is  powerfully  astringent  Eb- 
cny  is  the  wood  of  Diospyros  Ebenus  and  other  African  and  Asiatic 
species. 

860.  (M.^  Stjmcaieff  {Stwrw  Family).    Shrubs  or  trees,  with  per^ 

no.  908.  PMftel  flmrw  of  DkMpfm  Vitvlniuw,  ilM  PwrinmoD.  9M.  Tte  corolla,  M4, 
«»«■,  ud  ttuMM.  886.  TiM  fhrii.  838  Seetkm  throagh  Um  fruil  and  ba^MdU.  887. 
TartkaliMtloBoraMed.    888.  XtedataeiMdemlnTa. 
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ftct  Ikr^eii. '  Gdy^^te  gesertdly  ^chferaKi'dtket  with  <lie  htm^ 
tbeoivt(ty^6i'^Mtit8*wfaol6  8tirftDee.  'FMAlrofteti'dL»tiiict«riiew1jr 
80.  Stjles  and  stigmas  perfbctlj  united  into  one.  Stamens  definite, 
or  in  the  suborder  Stmflocihka  Mostly  indefinite ;  filaments  more 
or  less  united.  CeUs^of  ^the  ovary  q^posite  the  calyx-lobes.  Other- 
wise much  as  in  the  last  family.  -^--A.  Styrax,  Halesia,  Symploeos. 
Some  yield  a  fragrant^  balsasiic  resinous  substance ;  such  as  Storax 
and  Benzoin,  containing  Bemaie  acid.  The  sweet  leaves  of  our 
Symplocos  tinctoria  afibrd  a  yellow  dye. 

861.  9tA.fM!ff^\Mims{SapodiUa  Family).  Trees  or  shrubs,  usually 
with  a  milk/  juice  ^  the  leaves  alternate^  eatiro,  coriaceous,  the  up- 
per surface  <!ommonly  shining.  Flowers  perfect,  regular,  axillary, 
usually  in  clusten»  Corolla  four-  to  eight-^  (or  many-)  cleft.  Sta- 
mens distmc^,  inserted  on  the  tube  of  the  corolla^  conmionly  twice 
as  many  as  Its  lobes;  half  of  them  fertile  and  opposite  the  lobes,  the 
others  petaloid  scales  or  fikunents  and  alternate  with  them :  anthers 
extrorse.  Ovary  4-^18<eUed,  with  a  sii^le*  ovule  in  each  celL 
Styles  united  Into  one.  Fnlit  a  berry.  Seeds  with  ii  bony  testa, 
with  or  without  albumen. — JEr.  Bumelia,  of  the  Southern  United 
States.  The  fruit  of  many  species  is  sweet  and  eatable ;  such  as 
the  Sapodina^mn,  the  Marmalade,  the  Star-Apple,  and  other  West 
Indian  species^  The^^large  seedsj  particularly  of  some  kinds  of 
Bassia,  yield  a  bland  fixed  oil,  which  is  sometimes  thick  and  like 
butter,  as*  ixt  the  Chee  of  India  (B.  butyracea),  and  the  African 
Butter-tree. 

862.  (M,  Ijniiacev.  Trees  or  shrubs,  mostly  with  alternate 
coriaceous  leaves,  which  are.  often  dotted  with  glands,  and  with  all 
the  characters  of  PrimuUceffi,  except  the  dnipaeeous  fruit  and  arbo- 
rescent habit.  —  Nearly  all  tropical  ( Ardi^  Myrsine). 

863.  Old.  PrimDliCeiB  (Primrtm  Family).  Herbs,  with  opposite, 
whorled,  or  alternate  leaves,  oflen  with  naked  scapes  and  the  leaves 
crowded  at  the  base.  Flowers  regular.  Stamens  inserted  on  the 
tube  of  the  ccnrolla,  as  many  as  its  lobes  and  opposite  them  I  Ovary 
iree,  with  one  partial  execption,  one-celled  with  a  free  eentral  pla- 
centa! Ovules  mostly  indefinite  and  amphitropous.  Style  and 
stigma  single.  'Fruft  capsular:  the  fleshy  central  placenta  attached 
to  the  base  of  the  celL  Seeds  albuminous.  Embryo  transverse.  — 
As:' Primula' (Priiarose),  Cyclamen,  AnagalMsi  In  Samolus,  the 
calyx  coheres  with  the  base  of  the  ovary,  and  there  is  a  row  of 
sterile  filamenta  ocoapryuig  the  nonnal  position  of  the  first  set  of 
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stameiifl,  namely,  alternate  with  the  lobes  of  the  corolla.    SeTeral 
are  ornamental  in  cultivation,  stich  as  Primrofies  and  Auriculas, 


864.  Ord.  PlanllglDaceS  (Plantain  family).  Chiefij  low  herbs, 
with  small  spiked  flowers  on  scapes,  and  ribbed  radical  leaves.  — 
Calyx  four-clefl,  persistent  Corolla  tubular  or  urn-shaped,  scftrious 
and  persistent ;  the  limb  four-clefl.  Stamens  four,  rarely  two,  in- 
serted on  the  tube  of  the  corolla  alternate  with  its  segments ;  the  per^ 
sistent  filaments  long  and  flaccid.  Ovary  two-celled :  style  single. 
Capsule  membranaceous,  circumcissile ;  the  cells  one-  to  several- 
seeded.  Embryo  large,  straight,  in  fleshy  albumen*  —  Ex.  Plantago, 
the  Plantain,  or  Ribgrass,  is  the  principal  genus  of  the  order.  Of  no 
important  economical  qualities. 

865.  Ord.  Plnmbaginaceff   {Leadwcrt  Family).     Perennial  herbs, 

FIG.  989.  Primula  MhtiMhitw.  910.  Tht  eoralk  vnMffvd ;  ite  lob*  kid  opn.  9a  Ot 
nlyx  divided  Tertkallj,  ■howlng  Om  pbtfl.  942.  Verttod  netkm  of  Um  Ofuy  and  of  the  ftc* 
eentnd  ptaerate,  eorvrad  wiUi  orutot,  wUeh  vmAj  till  tb*  mO.  918.  Oipmto  fi  PHbb)* 
Teris,  dehlMcot  at  Um  samiBlt  by  mimraiM  toath.  9i4.  A  aMgnifled  Med.  916.  BMtta  d 
tbft  Mine,  ezhlUtiog  Um  temaetwM  cmbrjo. 

no.  916.  Bnneh  of  AiMf«llto •rfmOa  (PlmpOTMlK  vUb  •  eapMila  fbowtaf  Ow  Vm*'*** 
comeiMik  dahiieenM.    9A7.  tb«  captoto  (pyzb),  with  Um  Ud  fmlllag  «««j. 
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br  somewhat  slmibbj  plants ;  with  the  flowers  often  on  simple  or 
brandling  scapes,  and  the  leaves  crowded  at  the  base,  entire,  mostlj 
sheathing  or  clasping.  —  Calyx  tubular,  plaited,  five4oothed,  persist- 
ent. Corolla  salver-shaped,  with  a  five-parted  limb,  the  Ave  stamens 
inserted  on  the  receptacle  opposite  its  lobes  (Plumbago)  ;  or  else  of 
five  almost  distinct  unguiculate  (scarious  or  coriaceous)  petals,  with 
the  stamens  inserted  on  their  claws !  (Statice,  &c.)    In  the  former 


case  the  five  styles  are  united  nearly  to  the  top ;  but  in  the  latter 
they  are  separate  I  Ovary  one-celled,  with  a  single  ovule  pendulous 
from  a  strap-shaped  funiculus  which  rises  from  the  base  of  the  celL 
Fruit  a  utricle,  or  opening  by  five  valves.  Embryo  large,  in  thin 
albumen.  —  Ex,  Statice  (Marsh-Rosemary  or  Sea-Lavender)  and 
Armeria  (Thrift)  ;  sea-side  or  saline  plants.  They  have  astringent 
roots ;  none  more  so  than  those  of  our  own  Marsh-Rosemary  or  Sea- 
Lavender,  one  of  (he  purest  astringents  of  the  materia  medica. 

866.  Ord.  Lentibnlaees  (Eladderwort  Family).  Small  herbs,  grow- 
ing in  water,  or  wet  places,  with  the  fiowers  on  scapes ;  the  leaves 
either  submersed  and  dissected  into  filiform  segments  resembling 
rootlets,  and  commonly  furnished  with  air-bladders  to  render  them 

FIG.  MS.  A  flowtt  or  Plantego  mi^,  entai«»d.  949.  Pistfl.  960  CafMole  (pyxis,)  with 
fl»0Mi«eMCBteotoUa.    961.  Crow  ■tctton  of  a  pod  «nd  wmOm,    963.  Vortleiaiwtionof  ABeed. 

JIQ.  96a  Corolla,  and  964.  ttlyz  of  Thrift  (Armoria  Tvlgaila).  966  Pktil  with  dlftinot 
ikflm.  966  CfOMiwUoaof  tfaopodandaoed.  967.  Vartleal  netkm  of  tha  oraiy.  magnified, 
to  thow  fSbm  orolob 
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iiuo^ant,  eomotimes  eyaneBoeiil  or  wimting,  or>  wlien  <pPodiiGed  in 
the  air.  entire  and  «OBie«rhat  fleshTy-ekistered'at  the  base  of  the 
€cape.  Flowers  choirjy  very  in^giilar,  CaljFz  4^  two.  iepak,  or 
imequaUy  five-parted. '.  Gocolla  hUabia^  peiv^^  short 

tube  spurred.  Stamens  two,  inserted  oil  tiie- upper ^NUfrof  the.  co* 
Eolla ;  anther8:COBflfientljr«oBeHoalled»  Ovary  free,  OB&-oeUed  -with  a 
free  central  placenta  I  bearing  numerous  ovules.  Seedsdestilote  of 
albumen.  Embryo  straight. — JEx.  Utricularia  (Bladderwort),  Fin- 
guicula.    Unimportant  plants. ' 

867.  Ord.  1in}mttlaMm  (Broam-Eape  Family).  Herbs,  destitute 
of  green  foliage,  and  with  scales  in  place  of  leaves,  parasitic  on  the 
roots  of  other  plants.  OoroUa  withering  or  persistent,  with  a  bila- 
biate or  more  or  less  irregular  limb.     Stamens  four^  ididynamous. 


inserted  on  the  corolla.    Ovary  free,  ohe-eelled^  wkh  two  parietal 
placentae  I  which  are  oflen  two»lobed^  or  dmded.   .C^isale  enekeed 

FIO.  968.  Bnach  of  Bplpbegoi  Virginlam  (Beech-drops),  nearly  of  the  mtmnl  ri» :  Ike 
lower  llowef*,  with  ehort  linpttfeei  eofoUes,  eloM  produeiBg  flp»  leedg.  tKO.  A  eovw  e»» 
kiSBd.  960.  IxMigltiMniHaseelionorUieiBiiM^  96a.  Loogltiadteid  «wtkm/ir  tlie.o«ai7,  ane 
Biegnifled,  ebowlng  one  of  the  parietal  placenta  corered  with  minnla  OTulea.  962.  Crni  eea 
Ikm  of  the  aame,  ahowiiv  the  two  parietal  plaoiDttt.  968.  ▲  higMy  flu^ai^Hi  iMmL;  964. 
flaetkmor  the aama, axMbltiiif  the  minute  embzyo  aast  the  hilOBw 

FIG.  966.    Apbylloii  nniflomm,   966.  A  flower  about  the  riae  oC  iwtnvi.   967*  Tha  mmm 
kid  open,  Bhowlog  the  dldjmaoHMia  atamenaaod  tha  fktU*   96^  A  r-rt»  V<  ,ri>htr    90a  A 
id.    970.  SeetkmoftheMma. 
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IB  the  pereisteot  oocolbu  Seeds' y^iy  aumerousy  minutie.  Bmbvye 
lIliI]ttt^  at  tbe  extremity  of  the  albumen* '-^-JSk.*  Orobanchey  £pi^ 
phi3g^  (6eech-drG|M)9  &c.  Astringenty  batter,  and  escharotic;  The 
palyerued  rooi  of  £piphega8^|heiipe,caUed,Ganeeiv«oot)ii  applied 
jto  9pen  cancan. 

868,  Old.  fieOCfiieeVi  eonsiftiBg  ehieflj  of  tropical  herbs  or  tender 
fihrabby  .plant6»v  with  green  foliage  and  <  ehowj  ^wers>  the  calyx 
often  partly  adherent  to  the  oTary,  a^p'ees  with  Qroban<^aceai  in  the 
^parietal  .placentation,  structure  of  the  seeds,  Ac  Many  an  culti* 
vated  in  conservatories  for  ornament,  such  as  species  of  Gloxinia 

.  869.  Old.  ligBOIliMMB  (JXsn^ama  FitmOy).  Mosily  trees,  or 
climbing  or  twining  shrubby  plants,  with  large  and  showy  flowers, 
and  opposite,  simple,  or  mostly  pinnately-compound  leaves.  G>rolla 
with  a  more  or  less  irregular  five-lobed  or  bilabiate  limb.  Stamens 
five,  of  which  one,  and  often  three,  are  reduced  to  sterile  filaments 
or  rudiments  (Fig.  409),  or  four  and  didynamous.  Ovary  one- 
celled  with  two  parietal  placentie,  or  two-celled  by  a  false  partition 
stretched  between  the  placentae,  or  rarely  by  their  meeting  in  the 
axis.  Pod  two-valved,  many-seeded.  Seeds  winged  (Fig.  601), 
destitute  of  albumen.  Cotyledona  foliaceous,  flat,  heart-shaped,  also 
notched  at  the  apex.  — :  Ex.  Bignonia,  Tecoma  (Trumpet-creeper), 
Catalpa,  and  other  tropical  genera.  Of  little  importance^  except  as 
ornamental  plants. 

870.  Sobord.  itumm  (Sesamum  Famify)  has  few  and  wingless 
seeds ;  the  fruit  generally  indurated  ^r  drupaceousi  often  two-'  to 
firar-homed,  sometimes  perforated  isk  tbe  centre  from  the  dissepi- 
ments not  reaching  the  axis  before  they  diverge  and  become  pla- 
centiferous,  and  spuriouKly  four-  to  eight-celled  by  the  cohesion  of 
parts  of  the  placentae  with  the  walls  of  the  pericarp.  —  Ex.  Sesa- 
mum, Hartynia  (Unicorn-plant),  and  a  few  tropical  plants.  They 
are  mucilaginous ;  and  the  seeds  of  Sesamum  yield  a  good  fixed  oiL 

871.  SDbord.  CresecnMcSy  consist^  of  |he  Calaliash-tree  (Crescentia 
Cujete)  and  a  few  allies,  among  them  Parmentiera  edulis,  the  Can- 
dle-tree of  Panama,  which  also  have  wingless  seeds.  The  subacid 
pulp  of  the  gourd-like  fruit  is  edible ;  the  hard  shell  is  used  for  bot- 
tles, or  calabathes. 

872.  Ord.  AeantbaceS  (Acanthtu  Family).  Herbs  or  shrubby 
plants,  with  bracteate  showy  flowers,  and  opposite  simple  leaves. 
Without  stipules.     Corolla  bilabiate,  or  sometimes  idmost  regularly 
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five-lobed,  convolute  in  swtiTation !  Stamens  fbnr  and  dtd^msmoajSy 
or  only  two,  the  anterior  pair  bein^  abortive  or  obsolete.  Ovaiy 
two-celled,  with  the  placentae  in  the  axis,  often  few-ovuled.  Seeds 
(sometimes  only  one  or  two  in  each  cell)  usually  supported  by 
hooked  processes  of  the  placenta,  destitute  of  albumen.  The  classi- 
cal Acanthus  is  the  type  of  this  large  and  chiefly  tropical  order:  its 
gracefully  lobed  and  sinuated  leaves  furnished  the  ornament  of  the 
Corinthian  capital.  They  are  emollient  plants,  or  some  of  them 
bitter  or  slightly  acrid :  of  little  economical  use.  Several  are  colti- 
vated  for  ornament 

873.  Ord.  ScrophDlariaeeS   (Ftgwort  Family).     Herbs,  or  some* 
times  shrubby  plants,  with  opposite,  verticiUate,  or  alternate  leaTes. 


177  in  frt  vTt  wn     wn 

Corolla  bilabiate,  or  more  or  less  irregular ;  the  lobes  imbricated  in 
{estivation.  Stamens  four  and  didynamous  (Fig.  407),  the  fifUior 
upper  stamen  sometimes  appearing  in  the  form  of  a  sterile  filament 

FIG.  071.  Bnmch  of  Genrdia  pnrpcma.  072.  Corolla,  of  tb«  natonl  il»,  kid  optn.  97S. 
Oaljz  and  ftyle  of  Uia  mum.  074.  BfafnUUd  tnuTorM  McUon  of  the  captola,  with  om  flf  tht 
TalTM  rBBiored. 

FIG.  076.  Gratiola  auraa,  nataral  rim,  07S.  Corolla  laid  open,  showlog  Um  two  ptOui 
ttameiM  and  two  rudimentary  fllamrata  aa  well  as  the  pUtU.  077.  The  perfect  staaiBi  tod 
•terile  fllaoMnt  of  Chelone.    078.  Flower  of  a  Linaria  (Toadflax). 
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(Fig.  408),  or  very  rarely  antheriferonSy  or  often  only  two,  one 
pair  being  either  suppressed  or  reduced  to  sterile  filaments.  Ovary 
free,  two-celled,  with  the  placentse  united  in  the  axis.  Capsule  two- 
ralved.  Seeds  indefinite,  or  sometimes  few,  albuminous.  Embryo 
smalL  —  Ex.  Scrophularia,  Verbascum  (Mullein,  which  is  remarkable 
for  the  almost  regular  corolla,  and  the  five  often  nearly  perfect  sta- 
mens), Linaria,  Antirrhinum  (Snapdragon),  &c.  —  The  plants  of  this 
large  and  important  order  are  generally  to  be  suspected  of  delete- 
rious (bitter,  acrid,  or  drastic)  properties.  The  most  important  me- 
dicinal plant  is  the  Foxglove  (Digitalis  purpurea),  so  remarkable  for 
its  power  of  lowering  the  pulse.  Numerous  species  are  cultivated 
for  ornament. 

874.  Ord.  Terbenaees  (  Vervain  Family),  Herbs,  shrubs,  or  often 
trees  in  the  tropics,  mostly  with  opposite  leaves.  Corolla  bilabiate, 
or  the  four-  or  five-lobed  limb  more  or  less  irregular.  Stamens 
mostly  four  and  didynamous,  occasionally  only  two.     Ovary  free. 


entire,  two-  to  four-celled.  Fruit  drupaceous,  baccate,  or  dry,  and 
splitting  into  two  to  four  indehiscent  one-seeded  portions.  Seeds  with 
little  or  no  albumen.  Embryo  straight,  inferior.  —  Ex,  Verbena 
(Vervain)  is  the  principal  representative  in  cooler  regions.  Thero 
are  many  others  in  the  tropics ;  one  of  which  is  the  gigantic  Indian 
Teak  (Tectona  grandis),  remarkable  for  its  veiy  heavy  and  durable 

FIG.  979  «im19S0.  V1ow«r  of  ft  Verbena  enlarged.  961.  The  corolla  Iidd  open.  982.  Plutil. 
968.  The  froit.  964.  Cross-section  of  the  young  fruit  and  the  contained  seeds.  986.  Fruit 
•epaimtfaig  teto  its  fbar  eoed.  966.  Cross-Mction  of  one  of  the  cocci,  and  a  Tertical  section  of 
the  lower  part,  showing  the  surfhee  of  the  oontained  seed.  987.  Vertical  section  throuf h 
the  pericarp,  seed,  and  embryo. 
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wood.    The  leaves  of  Lippia  citridora  of  tlie  gardens  yield  aa  agree* 
able  perfume.    Others  are  bitter  and  aromatic 

875.  Kobord. !  Phrymices  (foonded  on  Phryma,  of  a  single  spedes) 
is  separated  on  account  of  its  simple  pistil,  uniovulate  ovaiy,  ^iiallj 
convolute  cotyledons,  and  superior  radicle. 

876.  Ord.  LabiaUB  {LaUaJf  or  Mint  Family).  Herbs,  or  eeme- 
what  shrubby  plants,  with  quadrangalar  stems,  and  opposite  or 
sometimes  whorled  leaves,  replete  with  receptacles  of  volatile.  oiL 
Flowers  in  axillary  (^mules,  rarely  solitary*  Ckurolla  bilabiate  (Fig. 
458).  Stamens  four,  didynamous,  or  only  two^  one  of  the  pairs 
being  abortive  or  wantingp  Ovary  free,  deeply  four-lobed ;  the  cen- 
tral style  proceeding  from  between  the  lobes.  Fruit  consisting  of 
four  (or  fewer)  little  nuts  or  achenia,  included  in  the  persistent 
calyx.     Seeds  with  little  or  no  albumen. — Ex.  The  Sage,  Rose* 


mary,  Lavender,  Thyme,  Mint,  &G.  are  familiar  representatives  of 
this  universally  recognized  order.  Their  well-known  cordial,  aro- 
matic, and  stomachic  qualities  depend  upon  a  volatile  oil,  contained 
in  glandular  receptacles  which  abound  in  the  leaves  and  other  her- 
baceous parts,  with  which  a  bitter  principle  is  variously  mixed. 

877.  Ord.  Bomginaeen  {Borate  Family).     Herbs,  or  sometimes 
shrubby  plants,  with  round  stems,  and  alternate  rough  leaves  ;  the 

FIO.  968.  Flower  of  Nepete  (Glflehomft)  hcdeimeea,  or  Grooiid  \rj.  989.  Approxionl* 
ftothen  of  om  pair  of  ttameiui,  magnlfled.  900.  Vkmer  of  a  Lamicini.  991.  C4>rolla  of  L. 
amplexieaale  (Dead  Nettie),  laid  open,  Bhowing  tlM  dIdyiMnoaa  etameoa,  ae.  tOt.  Odarz  aM 
rorolla  of  Scutellaria  galericnlata  (8kcill-<«p).  908.  Section  of  the  enlarged  calyx  of  tiw  aama, 
bringing  to  Tiew  the  deeply  Ibar-lobed  orary.    994.  Creee  eeetion  of  a  aiagnlficd  i 

906.  Verttealaeetion  of  the  ■BOMfihowing  the  embryo.    906i.  Flower  of  l^oniiim  I 

907.  Magnified  anther  of  the.iame.    996  Stamen  of  the  Thyme.    909l  Flower  of  ] 
1000.  Magnified  anther  of  the  iame.    1001.  Flower  of  a  SaMa;  tha  calyx  aaweUaa  the  c 
bUabiate.    1002.  Magnified  atamen  of  the  mme,  with  widely  eeparated  aatfaer-eella,  urn  «r 
which  (a)  b  ^lUnireroaa,  the  other  (6)  huper&ct. 
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ftmerg  often  in  ooe^sided  scorpield  dusters  (407)«  Calyx  of-ft^f 
leafy  and  persistent  sepals,  more  or  les^  united  at  the  base,  negwku% 
iCoroUa  regular;  the  limb  five-lobed, often  with  a  row oC  scales^  in 
tbe  throat.  Stamens  as  many  as  its  lobes  and  alternate  with  thenk 
Ovarj  deeply  four-lobed,  Ihe  style  piooeedin^'  firomthe  base  of  th^ 
lobes,  which  in  fruit  become  little  nuts  or  hard  achenia.  Seeds  with 
little  or  no  albumen. — £x.  Borage,  Lithospermum,  Myosotis,  Cyno-> 
glossum  (HoundVTongue),  Heliotropium,  &c.  In  Echium,  the  limb 
of  the  corolla  is  somewhat  irregular,  and  the  stamens  unequaL  In- 
nooent  mucilaginous  plants  with  a  slight  astringency :  hence  demul- 
cent and  pectoral ;  as  the  roots  of  the  Comfiney.    The  roots  of  An- 


chusa  tinctoria  (Alkanet)  and  Lithospermum  canescens,  &c  (used 
tiy  the  aborigines  under  the  name  of  Puccoon)  yield  a  red  dye. 

878.  SulNird.  f  CoidiateS  eonsisU  of  tropical  woody  plants,  with 
the  ovary  entire  (not  four4obed),  but  in  ihiit  drupaceous  or  dry  and 
indehiscent,  four-seeded.  The eotyledonsof  C<»rdia are  platted  ]on>> 
^tudinally  (and  are  often  edible),  and  the  style  is  twice  forked^ 

879.  Old.  OfdlophjfllaceiB  (  WaJt^Amf  Fwmihj).  Herbs,  usually 
with  alternate  and  lobed  or  pinnatifld  leaves  ^  the  flowers  mostly 
in  cymoee  dusters  or  imilatend  racemes.    Calyx  five-clefl^  with  the 

710.  1008.  MymoOa,  «r  Torvet-me^nat.  lOM.  Th«  Toteto  corplla  laM  opm^  tbowiof  Hit 
«ealM  of  th«  throftt,  and  the  short  itemens.  1006.  TIm  pktil.  with  Its  fqor-k»bed  tynxj,  1008. 
The  calyx  in  ftroit ;  two  of  tha  little  nnta  having  fallen  away  flrom  the  reeeptaele.  1007.  Sep- 
#oii<of  a  not,  or  nthar  aebeniaiHf  vhowiog  the.embiyo.  lOOS-  BaMma  qf  ^^pphyliim  o%l- 
«Ate.(CQnfxe7^  1000.  A  oorolU  laid  open }  «xhibitis«  the  toneaolato  awl^pointed^  acalaa  aCv^bl 
thna^  alternate  with  the  J 
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rimises  often  appendaged,  persistent  Corolla  regular,  imbricated  or 
oOBTolute  in  sestiyation,  usnallj  furnished  with  scales  or  hoiiey4xeac- 
ing  grooves  inside ;  the  five  stamens  inserted  into  its  base,  alternate 
with  the  lobes.  Ovaiy  free,  with  two  parietal  placentse^  which  in 
HydrophyDum  dilate  in  the  cell  and  appear  lik^  a  kind  of  inner  peri- 


carp in  the  capsolar  fruit  Styles  partly  united.  Seeds  few,  or 
sometimes  numerous,  amphitropous,  cmstaceous.  Embryo  smal!, 
in  hard  albumen.  —  Bx,  Hydrophylkun,  Nemophila,  and  Phacelia; 
nearly  all  North  American  plants,  some  of  them  handsome  and  now 
well  known  in  cultivation.  To  this  order,  as  a  tribe,  is  now  joined 
the  HTDROLEiE  (formerly  the  order  HydroUacem)^  having  often 
entire  leaves,  two  distinct  styles,  a  commonly  tworcelled  ovaiy  lif 
the  union  of  the  two  placentae  in  the  axis,  and  numerous  seeds 
with  a  fleshy  albumen.  These  are  chiefly  tropical  or  subtropical 
herbs,  or  low  shrubs. 

tio.  1010.  KydiophyllimiVliglDtram.  lOlL  A  floww,  mwly  of  Om  nrtonl  dM.  10S 
^iMtolb  ku  open.  101&  Caprate,  with  Ch«  penfatont  odyz  and  itytow  1014.  Mi«ntf«l  m^ 
301S.  SMttottoftlMNiiM.    1016.  High]^iiiacnU«d«mbx7a 
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880.  Old.  Polemoniaeeft  {Polemonium  Fami^i).    Herbs,  with  alt«r- 
nate  or  opposite  leaves,  and  panicled,  cor}rmbo6e,  or  clustered  flow* 


1017 


ers.     Calyx  five-ciefL     Ck)rolla  regular,  with  a  five-lobed  limb,  con- 
volute in  aestivation.     Stamens  five,  inserted  on  the  corolla  alternate 


1031 


with  its  lobes,  often  unequal.     Ovary  free,  three-celled,  with  a  thick 

WIG.  1017.  Flowtn  of  Potemonlum.  1018.  Flowtn  of  Phlox.  1010.  Corolla  of  tho  «iim, 
laid  open,  thowing  tho  ttemem  anequally  tiuertod  oo  iU  tube.  1020.  PUtll  of  tho  mm. 
1001.  Cron-Mctlon  of  the  Cftpsnle  of  Polomonlum.  1022.  CroM-Motion  of  a  oiagnlfled  ieol. 
1028.  Perpendiealar  aeetion  of  tho  samo.  1024.  Uagnlfled  embryo.  1025.  Cron-eeotioii  of  the 
dohioMot  eapottle  of  Collomta.    1020, 1027.  Capralo  of  Leptodaety km. 

FIG.  1028.  Pyxldaathera  barbalala,  of  tho  Ptne-barrena  of  New  Jeney,  natand  tfae.  KOB. 
Pistil,  In  frolt,  and  calyx,  enlarged.  1030.  Corolla  and  etamena.  1031.  Samo,  laid  open. 
1032.  A  fepante  f tunon,  maffuifleX    1033.  Seetlon  of  tho  dehiscent  capeolo.    1034.  A  leod. 
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ftxisy  beaHn^  fe^^  or  Utrnierbus  crniled :  sijlts  tmited  into  one?  sHg- 
nuM  three.  C^pdtile  three^ralved,  loeulteidlil ;  the  Ti^lves  tAaof  Rsti-^ 
ally  breaking  away  from  a  thick  central  column  which  bears  the 
seeds.  Embryo  straight,  in  fleshy  or  homy  albumen.  —  JSr.  Pole- 
monium  (Greek  Valerian),  Phlox,  GiHa.  piiefly  North  Amer- 
ican ;  many  are  rery  common  omaukental  plants  in  cultiTfiticti.  To 
this  order  I>ii«pen8ia  and  Pyxidanthera  (formerly  the  order  Dia- 
pensiaeea}  are  now  appended,  with  some  doubt.  They  are  two 
low,  tufted  or  prostrate;  snffl^tioose  plants^  with  crowded  arid  eveiw 
green,  heath^ike  leaves,  and  solitary  flowers :  their  principal  pecoH- 
arity  is  found  in  the  transversely  dehisoent  anthers. 

881./  M.  {ODTSlTBlieer  (  Chnvohulug  Fartnfy),  Tirittii^  or  traS- 
ing  helrfos  or  shrubs,  with  more  or  less  milky  juice ;  the  leav^  alter* 
nate,  and  the  flowers  regular.  Calyx  of  five  imbricated  sepals,  per- 
sistent. Corolla  irapervolute  in  estivation ;  the  limb  often  entire 
(Fig.  452)*  Stamens  five,  insearted  on  the  tube  of  the  eorolla  near 
the  base«  Ovary  free,  two-  to  four-celled,  with  one  or  two  erect 
ovules  in  each  cell.  Capsule  two-  to  four-  (or  by  oblitemtioa  one-) 
celled;  the  valves  often  falling  away  from  the  persistent  dissepi- 
ments (septifragal.  Fig.  587).  Seeds  large,  with  a  fittle  mudlagi- 
.  nous  albumen :  embryo  curved,  and  the  fotiaceous  cotyledons  usually 


GFompled  (Fig.  122, 128). '--^.  MomingtGbry,  Bindweed.    They 
contain  a  peculiar  strongly  purgative  resinous  matter,  whidi  is 

FIO.  loas.  IpomflM  purpareft  1086.  Theplstn.  1037.  Section  of  the  eftp«oK»d  of  ^ 
two  seeds  in  eaeh  cell.  1038.  Capsule  (reduced  in  sise),  ifhea  the  TmlTes  have  fkllen  away  front 
the  dissepiments ;  and  one  of  tlie  seeds.  1039.  Magnified  cross-section  of  a  seed.  1040.  In- 
Ivyo,  with  the  leaf  lliie  two-lobed  cotyledons  spiead  out  lOil.  Same,  with  the  two  cotylsdonl 
■epaimted  and  laid  open. 
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x3tae£lj  found  i»  their  thiekened  or  tuberous  roots.  Convolvulus 
JalapAy  and  other  Mexican  speeies,  fhmish  the  Jalap  of  the  shqie^ 
The  more  drastic  Seamunany  is  derived  from  the  roots  of  C  Scam- 
monia  of  the  Levant.  There  is  much  less  ei  this  in  those  of  Con* 
volvulus  panduratus  (Man*of«>the*-Earth,  Wild  Potato-vine):  while 
those  of  C.  macrorhizis  of  the  Southern  States^  which  sometimes 
weigh  fortf  or  fifty  pounds^  are  farinaceous,  with  so  sli^t  an  ad* 
mixture  of  this  matter  as  to  be  quite  inert ;  as  is  also  the  case  with 
the  Batatas,  or  Sweet  Potato,  an  important  article  of  food. — To  this 
family  are  appended,  as  tribes  or  suborders, 

882.  Sobord.  Dichandns*  Ovaries  two  to  four,  either  entirely 
distinct  or  with  their  basilar  styles  more  or  less  united  in  pairs. 
Creeping  plants,  with  axillary,  scape-like,  one-flowered  peduncles.  — 
£c  Diehondra. 

883.  Sobord.  QunitilieB.  Ovary  two-celled ;  the  capsule  opening 
by  circumcissile  dehiscence,  or  bursting  irregulariy.  Embi^'o  fili- 
fi)rm,  and  spirally  coiled  in  fleshy  albumeay  destitute  of  cotyledons ! 


Parasitic,  leafless,  twining  heri>s,  destitute  of  green  color.     Stamens 
usually  furnished  with  fringed  scales  within.  — Ex,  Cuscuta  (Dodder). 

FIQ.  1012.  A  piece  of  Ciuetita  Onmorfi,  tbe  eoanKm  Dodder  of  the  Korthern  United  States, 
of  tbe  naMrml  eiae  1018.  A  flower,  enlarged.  1044.  The  lame,  laid  open.  1046.  Section  of 
the  owmrj.  1046.  Section  of  the  capsule  and  seeds.  1047.  The  spiral  embryo  detached.  1048. 
The  aauw  in  germination. 
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884.  Old.  Solanaeen  (NighUhade  Family)  differs  from  Scropba- 
lanacett  chiefly  in  the  regular  (rarely  somewhat  irregular)  flowers, 
with  as  many  fertile  stamens  as  there  are  lobes  to  the  coroUa  (four 
.  or  five),  and  some  form  of  the  plaited  or  valvate  asstivatioo  of  the 
corolla.  Fruit  either  capsular  or  baccate.  Embryo  slender,  mostly 
curved,  in  fleshy  albumen  (Fig.  614,  615).  —  The  fruit  of  Datura 
is  spuriously  four-celled.  —  Stimulant  narcotic  properties  pervade  the 
order,  the  herbage  and  fruits  of  which  are  mostly  deleterious,  often 
violently  poisonous,  and  furnish  some  of  the  most  active  medi- 
cines ;  such  as  the  Tobacco,  the  Henbane  (Hyoscyamus  niger),  the 


Belladonna  (Atropa  Belladonna),  the  Thorn-apple  or  Jamestown 
Weed  (Datura  Stramonium),  and  the  Bittersweet  (Solanum  Dulca- 
mara). Yet  the  berries  of  some  Solanums  are  eatable  (as  Toma- 
toes, the  Egg-Plant,  dec),  and  the  starchy  tubers  of  the  Potato 
at*e  a  great  staple  of  food.  But  the  fruit  and  seeds  of  Capsicum 
(  Cayenne  pepper)  are  most  pungent  and  stimulant. 

885.  Ord.  Gentianaees  {Gentian  Family).  Herbs,  with  a  watery 
juice ;  the  leaves  opposite  and  entire.  Flowers  regular,  of^en  showy. 
Calyx  of  usually  four  or  five  persistent,  more  or  less  united  sepals. 
Corolla  mostly  convolute  in  aestivation ;  the  stamens  inserted  oo  its 
tube.  Ovary  one-celled,  with  two  parietal  and  many-ovuled  pia- 
no. 1049.  Flower  of  TobMseo  (NieoUam  TibMiim).  1060  The  cftpnile,  dehlMttt  it  tlw 
«1Mz,  with  th«  penUtent  caljx.  1061.  Cron-wotion  of  Um  mom.  10o2.  MafoUM  Mctta  of 
the  seed  of  Solanum.  1063.  FIow«r  of  IlyoMyamiu  nigw.  lOGA.  Fruit  (pjxia)  of  Um  ihm. 
105C.  Flowers  end  berrlef  of  SoUnum  DnkMDum. 
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Centfe,  sometimes  the  ovules  dispersed  over  the  whole  cavity  of  the 
ovary,  or  nearly  sa  Capsule  many-seeded.  Seeds  often  very  small, 
with  fleshy  albumen  and  a  minute  embryo.  —  Ex.  Gentiana,  Frasera 
(the  American  Columbo).  A  pure  bitter  and  tonic  principle  (  Gen* 
iianine)  pervades  the  wliole  order.  Grentiana  lutea  of  Middle 
Europe  furnishes  the  officinal  Gentian,  for  which  almost  any  of  our 
species  may  be  substituted.  The  above  applies  to  the  proper  Gen- 
tian Family.    Obolaria  differs  in  the  imbricative  aestivation  of  the 


1061      Mio        lOM  ion  unf  ion 

corolla :  as  to  the  ovules  lining  the  whole  cavity  of  the  ovary,  this 
is  also  the  case  in  Bartonia  (Centaurella,  Afichx.),  and  in  some  Gen- 
tians.—  The  Buckbean  is  the  type  of  the  tribe  MENTANTHiDEiE, 
which  has  alternate,  sometimes  trifoliolate  or  toothed  leaves,  and  a 
valvate-induplicate  Aestivation  of  the  corolla. 

886.  Ord.  Apoeynaees  (Dogbane  Family).  Trees,  shrubs,  or  herbs, 
with  milky  juice,  and  opposite  entire  leaves,  without  stipules. 
Flowers  regular.  Corolla  five-lobed,  mostly  convolute  or  twisted 
in  aestivation.  Filaments  distmct ;  the  anthers  sometimes  slightly 
connected :  pollen  powdery.  Ovaries  two,  distinct,  or  rarely  syn- 
carpous,  but  their  styles  or  stigmas  combined  into  one.  Fruit  com- 
monly a  pair  of  two  follicles.  Seeds  oflen  with  a  coma.  £mbryo 
large  and  straight,  in  albumen. — Ex.  Apocynum  (Dogbane),  Yinca 

FIG.  1066.  Fkywer  of  Gentiana  angnstifoUa  1067.  Corolla,  and  1068,  the  ealyz,  laid  opm. 
106e.  The  pirtil.  1000.  Crose-wetion  of  the  pittll,  thowing  the  parietal  attachment  of  the 
ovttlea.  1061.  lUpe  eap»ale  of  G.  lapooaria,  ralwd  on  a  etipe :  the  penlalent  witheflag 
eorolla,  fte  torn  away.  1062.  A  magnified  aeed,  with  lu  huige  and  looee  teata.  1068.  Leaf  of 
limaanthemum  lacaiiMam,  bearing  the  flowen  on  Ite  petiole ! 

39 
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(Periwinkle),  Neriiim  {(MeiUider),  and  a  great  number  of 'tio[ii€iil 
ghrubs  and  trees.  In  nearly  all,  the  juice  b  drastic  or  pobonoasi 
it  oflen  yields  OaoiUchouc  ;  which  in  Sumatra  is  obtained  from  Ur^ 
eeola  elastica,  and  in  Madagascar  from  Valiea.  Strangely  etioDgh 
some  species  yield  a  sweet  and  hannless  milk,  such  as  Tabenue« 
montana  utilis,  one  of  the  South  American  Gow-trees.  Also  the 
fruit  of  several  species  is  edible  and  even  delicious  ;  iliat  of  others 
is  a  deadly  poison*     One  kernel  of  Tan^^luaia  venenifera  of  Mad" 


agascar  will  kill  twenty  people.  The  ixmer  bark  of  Dagbane  makes 
a  strong  cordage,  whence  its  name  of  Indian  Hemp. 
.  887.  Ord.  AsekpiadaeeB  {Milkweed  Family).  Herbs  or  shrubs, 
with  milky  juice,  and  mostly  opposite  entire  leaves ;  mainly  differ- 
ing from  the  preceding  order  (as  they  do  from  all  other  Exogenous 
plants)  by  the  peculiar  connection  of  the  stamens  with  the  stigma, 
and  the  cohesion  of  the  pollen  into  wax-like  or  granular  masses, 
which  are  attached  in  pairs  to  five  glands  of  the  stigma,  and  re- 
moved from  the  anther-oells  usually  by  the  agency  of  insects  (Fig. 
541— 545)<  Fruit  consisting  of  two  follicles.  Seeds  usually  with 
a  silky  coma  and  a  large  embryo.  —  Ex,  Asclepias  (Milkweed,  or 
Silk  weed).  The  juice  of  the  A.  tuberosa  (Pleurisy-root,  Butterfly- 
iveed)  is  not  milky.  In  all,  it  is  bitte)*  and  acrid,  and  contains 
Caoutchouc.  The  roots,  &c.  are  diaphoretic,  emetic,  or  cathartic 
The  inner  bark  yields  abundance  of  very  long  and  fine,  extremely 

FIG.  1M4.  Apoe^om  aaditMBinlfblhiin.  10S5.  Flower,  of  Um  nataral  aijs.  1066.  Ste- 
meitf  with  the  uitliert  eonnlreikl  arootid  the  pliUls.  1067.  The  plftUs  with  their  laiyi  toatr 
mon  stigma.    1068.  Semi  with  its  eoma,  or  toft  of  silky  hain. 
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•tfong^fibre^    The  msgular  ftlnieiiire of  tlie  bksBom  maybe  leamed 
horn  Fig.  541  *-  545^  and  the  sabjoiiied  iUostredons. 


& 


888.  Old.  Jaiminaces  (Jessamine  Family)  consists  of  a  few  chiefly 
Asiatic  shrubs,  with  oompooad  leaves  and  firagrant  flowers ;  differ- 
ing from  Oleaceas  by  the  imbricated  or  twisted  sestivation  of  the 
hypocraterifbnxi  corolla,  the  erect  seeds,  &c  —  Ex.  Jasminum,  the 
Jessamine.  Cultivated  fbr  ornament^  and  for  their  very  fragrant 
blossoms.  —  Menodora,  or  Bolivaria,  has  mostly  simple  leaves  and 
fbor  ovules  in  each  cell^  but  evidently  pertains  to  this  order. 

889.  Ord.  Oleaecs  {OUve  Family).  Trees  or  shrubs,  with  oppo- 
nte  leaves,  either  mm]^  or  pinnate.     Calyx  persistent.     Corolla 

FIG.  1060.  Fk»r«r*1md  cf  tlM  oomoMm  Mllkwewl  (AaelepiM  Cornoti).  1070  EzpMided 
flower ;  Uio  calyx  and  eonrila  reflexad ;  abowing  the  stamlneal  crown.  1072.  One  of  the  hood* 
•d  appflodagM  o#  tte  iatUr  mnoved  and  aean  aldewlae,  with  Ita  tedndMl  prooaaa  or  liotn. 
J078.  A  vertkal^aotkmoraflower  ((ha  hooded  appendagea  Mmored)  through  the  ftabeof  ata- 
mena,  the  thick  atigma,  orarlea,  ftc.  1074.  Flower  with  the  calyx,  and  the  fertilised  enlaiging 
orariea,  erowned  with  the  Urge  ati^rma  common  to  the  two,  fWmi  the  angles  of  the  peltate  sum- 
mtt  of  which  the  paira  of  pollen-maasaa,  detached  fhmi  the  anther  eelta,  hang  by  their  atalka  or 
caodicla  fitom  a  gland.  1076.  FruH  (follicle)  of  the  Common  MiUcwewl.  107&  Croea-iectioa 
of  the  last,  in  an  early  stale.  1077.  Detached  placenta  in  frnit,  corered  with  seeds.  1078. 
Seed  (ent  aeross),  with  its  coma  1079  Section  of  the  aeed,  .parallel  with  tha  ootyledma. 
1060.  Vartkal  section  of  thtieedperpendleahur  to  the  flMacr  the  ootyladona. 
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Ibar-cleft,  or  of  four  separate  petals,  yalvate  in  aestiTatioii,  sometiiiies 
none.  Stamens  mostly  two,  adnate  to  the  base  of  the  corolku 
Ovarj  free,  two-celled,  with  two  pendulous  ovules  in  each  celL 
Fruit  by  suppression  usually  one-celled  and  one-  or  two-seeded. 
Seed  albuminous.  Embryo  straight — JEc.  Olea  (the  Olive),  and 
Chionanthus  (Fringe-tree),  where  the  fruit  is  a  drupe.  Syringa,  the 
Lilac,  which  has  a  capsular  fruit  Fraxinus,  the  Ash ;  where  the 
fruit  is  a  samara,  the  flowers  are  polygamous,  and  mostly  destitute 
of  petals.  Olive  oil  is  expressed  from  the  esculent  drupes  c^  Oka 
Europeea.  The  bark,  like  ihat  of  the  Ash,  is  bitter,  astringent,  and 
febrifugal  Manna  exudes  from  the  trunk  of  Fraxinus  Omos  of 
Southern  Europe,  &c. — Forestiera  appears  to  represent  another 
entirely  apetalous  form  of  this  family. 


Division  IIL— Apbtalous  Exooknous  Plants. 

Corolla  none ;  the  floral  envelopes  consisting  of  a  single  series 
(calyx),  or  sometimes  entirely  wanting. — Many  of  them  are  apeta- 
lous allies  of  polypetalous  families ;  as  Phytolaccacee,  &c  related  to 
Caryophyllaceffi ;  Empetraceas  to  Ericaceae,  &c. 

COirSPEOTUS   OF  THE  ObDKRS. 

Group  1.  Flowers  perfect,  with  a  conspicnoas  or  colored  mostlj  tdiuite  calyx. 
Ovary  several-celled  and  many-ovuled.  Capsule  or  berry  many-seeded.  -» 
Herbs  or  climbing  shrubs.  Aristolochiacbjb. 

Group  S.  Flowers  perfect,  or  rarely  polygamous.  Calyx  corolline,  strooglj 
gamoscpalous,  much  produced  beyond  the  ovary,  the  expanded  border  entira 
or  moderately  lobed ;  the  base  persistent,  and  forming  an  indurated  nut- 
like closed  covering  to  the  one-seeded  acheninm  or  atride.  Erabtyo  laigo* 
curved  or  conduplicate,  involving  some  albumen. — Leaves  opposite :  nodes 
tumid.  Flowers  often  large  and  showy.  NTCTAOiirACCiB. 

Group  3.  Flowers  perfect,  or  rarely  polygamous,  with  a  regular  and  oftaa 
petaloid  calyx.  Ovary  free.  Ovules  solitary  in  eadi  ovary  or  cell.  Em- 
bryo curved  or  coiled  around  (or  sometimes  in)  mealy  albumen,  rarely  in  the 
axis  or  exalbuminous. 

Ovary  several-celled,  or  ovaries  several  in  a  whorL  P&ttoljiocac&&. 

Ovary  solitary  and  one-celled,  with  a  single  ovule. 
Stipules  none.    Ovule  campylotropous  or  amphitropcos. 
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Calyx  corolline,  doable.    Stamens  perigTOoos.  Basbllaos^ 

Caljx  not  coroUine :  no  gcarions  bracts.  Chekopodiacb^x* 

Calyx  and  bracts  scarious,  sometimes  colored.  AmarantacbjB' 

Stipules  sheathing.    Calyx  corolline.    Ovale  orthotropoos.    PoLTooNACKi» 

Grtmp  4.  Flowers  perfeet,  polygamous  or  dicBcioos,  not  disposed  in  amentSf 
with  a  regular  and  often  petaloid  calyx.  Style  or  stigma  one.  Ovary 
one-celled,  with  one  or  few  ovules :  but  the  fruit  one-celled  and  one-seeded* 
Embryo  not  coiled  around  albumen. — Trees  or  shrubs,  rarely  herbs. 

Calyx  free  from  the  ovaiy,  and  not  enveloping  the  fruit 

Flowers  polygamo^ioedous.    Anthers  opening  by  valves.  LAURACBis. 

Flowers  perfect    Anthen  opening  longitudinally.  TBTMELACBiB. 

Calyx  free,  but  baccate  in  fruit  and  enclosing  the  achenium.  ELBAOiTAC&a. 
Calyx  adnate  to  the  ovary.    Ovule  destitute  of  coats. 

Ovules  several,  pendulous  from  a  stipe-like  placenta.  Sawtalacea. 

Ovule  solitary,  suspended.    Parasitic  shrubs.  Loranthace.k. 

Grmqt  5.  Flowers  perfect,  in  spikes  which  often  appear  like  aments,  achlamyde- 
ous.  Ovaries  solitary  or  several,  with  one  or  few  erect  or  ascending 
orthotropous  ovules.  Embiyo  minute,  enclosed  in  a  persistent  embryo-sac 
at  the  apex  of  the  albumen.  —  Herbs  or  shrubby  plants,  with  tumid  nodes. 

Ovary  one,  one-ovuled.    Stipule  opposite  the  leaf  or  none.  PiPBRACBiB. 

Ovaries  more  than  one.    Stipules,  when  present,  in  pairs.  Saururaceje. 

Group  6.  Flowers  perfect  or  diclinous,  frequently  destitute  of  both  calyx  and 
corolla.  —  Submersed  or  floating  aquatic  herbs. 

Flowers  monoscious.    Fruit  one-celled,  one-seeded.  CxBATOPHTLLACBiB. 

Flowers  mostly  perfbct  Fruit  four-celled,  four-seeded.  CALLiTRiCHACBiB. 
Flowers  mostly  perfect    Ftod  several-celled^  sevenU-seeded.     Podostbmacbjb. 

Grcup  7.  Flowers  monoecious  or  dioecious,  not  amentaceous.  Fruit  capsular 
or  drupaceous,  with  two  or  more  cells,  and  one  (or  rarely  two)  seeds  in 
each  cell.  Embryo  straight  in  the  axis  of  the  albumen.  —  Herbs,  shrubs, 
or  trees. 

Fruit  mostly  dry.    Juice  milky.    Fbllen  simple.  Euprorbiaceje. 

Fruit  drupaceous.    Pollen  compound ;  the  grains  in  fours.     .     Eiifbtrac&s. 

Group  8.  Flowers  moncecions,  dkscious,  or  polygamous,  with  a  regular  calyx 
which  is  free  firom  the  one-celled  (or  rarely  two^celled)  ovary  and  one- 
seeded  fruit  (achenium,  drupe,  or  samara),  but  sometimes  enclosing  it 
Embryo  curved,  or  straight,  with  the  radicle  superior,  in  albumen  when 
there  is  any.  —  Inflorescence  various,  often  in  spikes,  heads,  or  a  sort  of 
aments.  Ubticacea. 

Group  9.    Flowers  monoecious  or  dioecious,  the  sterile,  and  frequently  the  fertile 
also,  in  aments,  or  in  heads  or  spikes.    Calyx  of  the  fertile  flowers,  if  any, 
adherent    Ovary  often  two-  to  several-celled,  but  the  fruit  always  one* 
celled.  ^  Trees  or  shrubs. 
89* 
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jStipnIofl  shcatiiing.    Nntlet^,riBlMlMnw»dy  w  gtoboly  huAs*.       Fu/taxIcub. 
^tipale«  not  ihtitfliing  or  none. 
Sterile  flowers  only  amentaeeeot* . 
Fruit  a  kind  of  drupaceooa  nuU    Leases  fimm^  Juouutdacba. 

Fmit  a  dry  nut,  involucrate.    Leaves  simple.  CupuLinajL 

•    Both  kinds  of  flowers  amentsdeofis: 
Fruit  a  samara  or  a  small  dry  drupe. 
Ovary  one-celled  :  ovule  solitary,  erect  Mtbicaciji. 

Ovary  two-celled,  two-ovuled  :  ovule  pendulous.  Bbtuuicub. 

Fruit  a  many-seeded  follicle :  seeds  with  a  coma.  Saucacbjl. 

890.  Ord.  Iriltolochlaeeft  (Birthwort  Family).  Herbaceom  or 
climbing  shrubby  plftnts,  with  alternate  leaves.  Flowers  brown 
or  greenish,  usually  solitary.  Calyx-tube  more  or  less  united  with 
the  ovary ;  the  limb  valvate.  Stamens  six  to  twelve,  epigynous,  or 
adherent  to  the  base  of  the  short  and  thick  style :  anthers  adnata, 


textrorse.  Ovary  Z  -  6«eelled«  Capsule  or  berry  three-  to  six-celled, 
manynseeded.  Embryo  minute,  in  fleshy  albumen.  ^ — Ex.  Asarum 
(Wild  Cringer,  Canada  Snakeroot),  Aristolochia  (Virginia  Snake- 
root).  Pungent,  aromatic,  or  stimulant  tonics;  generally  termed 
Snakeroots,  being  reputed  antidotes  for  the  bites  of  venomous  snakes. 

VIQ.  1061.  Annun  CanwleDW.  1082.  Calyx  displayed,  and  a  vcrtleal  Metkm  thrmfgii  tiit 
wt  of  the  flower.  1068.  Croea  eectkm  of  the  o?aiy ;  the  wpper  portion  (flwm  wMch  th<fc» 
ef  llM«afyx  if  oat  awajMliMring  tha  •tameoe,  the  ttolMd  i^lati  M-  1061.  Alifai>iii>» 
meihonlaised.    106&.  Vertical  aeetkmgr  a  aeed. 
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8dL  Ordi  KafflesiaeeiB :  pAmskk  flowen,  or  flofW^r-clusters  (152),  of 
which  the  most  striking  is  the  gigantic  lUfflesia  Arnoldi  of  Sumatra 
(Fig.  150),  perhaps  as  much  related  to  the  last  order  as  to  any. 

892.  OnL  NfCtasinaces  (Four-o'clock  Familu)f  Herbs  or  shrubs, 
with  opposite  leaves ;  distinguished  by  their  tubular  and  funnel-form 
calyx,  the  upper  part  of  which  resembles  a  corolla,  and  at  length 
fieparntes  from  the  base,  which  latter  hardens  and  enclo.<«es  the  one*- 
tilled  achenium«like  fruit,  appearing  like  a  part  of  it.  Stamens  by- 
})og}'nous,  1  -  20.  Embryo  coiled  around  mealy  albumen  ( Fig.  616, 
617)  ;  cotyledons  large.  Flowers  involucrate.  Mirabilis  (Four- 
o'cloek)  has  a  one-flowered  involucre  exactly  like  a  calyx,  while  the 
real  calyx  resembles  the  corolla  of  a  Moming-Glory.  Abronia  has 
only  one  cotyledon  to  its  embryo !  —  Plants  of  warm  latitudes ;  many 
occur  on  our  Southwestern  irontiers* 


893.  OkL  Pkytolaeeaees  (Poke-weed  Family).     Qiiefly  represented 

na  1068,  1067.  PhTtoIacn  d««MMli»  (Pok*«««lV  1088.  A  flowtr.  1068.  Uwipe  fruit 
2000.  CvoM-wctfcm  of  the  Mine,  a  HUl*  «ntarged.  1001.  lfa(nl(M  Ked.  1002.  Scetkm  of  tbf 
nai«  •««•■  th&  smbByo.  1093.  Vertical  Medon,  ahoiring  ttM  mmbryo  ooUed  uound  tb»  9Um- 
men  Soto  a  ring     lOOi.  3IaSuifti>d  det«ched  eoibryo. 
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by  the  common  Poke  (Phytolacca  decandra),  which  has  a  oompocmd 
ovary  of  ten  confluent  (one-seeded)  carpels,  the  sliort  styles  or  stig^ 
mas  distinct;  the  fruit  a  berry.  The  root  is  acrid  and  emetie:  yet 
the  young  slioots  in  the  spring  are  used  as  a  substitute  for  Aspara- 
gus.    The  berries  yield  a  copious  deep-crimson  juice. 

894.  Ord.  BattllttCeS ;  a  small  subtropical  group  of  climbing  suc- 
culent plants,  allied  to  the  last  and  the  next  two  orders,  from  vfhkk 
it  differs  by  the  decidedly  perigynous  stamens  and  double  petaloid 
calyx.  The  ovary  is  single  and  oneK>vuled. — -©c  Basella,  Boos- 
singaultia  of  South  America ;  the  latter  cultivated  for  ornament  (from 
potato-like  tubers)  under  the  name  of  Madeira  Vine.  Some  are  pot^ 
herbs. 

895.  Ord.  Chenopodittces  (Goaefoot  Family).  Chiefly  weedy 
herbs,  with  alternate  or  opposite  and  more  or  less  succulent  leaves, 


and  small  herbaceous  flowers.  Calyx  sometimes  tubular  at  the 
base,  persistent ;  the  stamens  as  many  as  its  lobes,  or  fewer,  and  in- 
serted at  their  base.  Ovary  free,  one-celled,  with  a  single  ovule 
arising  from  its  base.  Fruit  a  utricle  (Fig.  574)  or  achenium. 
Embryo  curved  or  coiled  around  the  outside  of  mealy  albumen,  or 
spiral  without  any  albumen  (in  SaUola,  &c).  —  Ex.  Chenopodinm, 
Atriplex,  Beta  (the  Beet),  &c     Sea-side  plants,  or  common  weeds : 


FIO.  1005.  Part  of  the  tpike  of  Saltoornia  berbaoea:  the  flow«n  pkeed  three  together  In 
excaTfttloni  of  the  item,  protected  by  a  fleihy  scale.  1006.  Separate  flower.  lOUT.  A  flower 
of  BUtam,  with  its  Reshy  ealyz  and  single  stamen.  1006.  Same,  more  anlarged,  with  the  thick, 
cned  Jttiey  calyx  (1000)  remoTed.  1100.  The  ripe  fhiit.  1101.  Same.  dlTlded  vertlcaUy,  shov- 
ing the  embryo  coiled  aroand  tlie  central  albumen.  1102.  Flower  of  Cbenopodium  albom 
(common  Goosefoot).  1108  Section  of  the  same,  mors  enlarged.  1104.  Section  of  the  utricle 
and  seed,  showing  the  embiyo.  1106.  Calyx  of  SalsoU  kaM  (Saltwort),  in  fttrit,  with  Its  wing- 
like  border.  1106.  Section  of  the  sans,  bringing  the  oraiy  Into  Wew.  U07.  The  iplnllr 
eolled  embiyo  of  Cbenopodina  maritima. 
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^ome  are  pot-herbs,  such  as  Spinach :  a  few  are  cultivated  for  their 
esculent  roots ;  as  the  Beet,  which  yields  sugar.  Soda  is  extract- 
ed from  the  maritime  species,  especially  from  those  of  Salsola  and 
Salicomia  (Samphire,  Glasfr-wort).  Chenopodium  anthelminticum 
yields  the  well-known  Worm^eed  oil. 

896.  Ord.  Inuinuitttees  (Amamnth  Family).  Flowers  in  heads, 
spikes,  or  dense  dusters,  imbricated  with  dry  and  scarious  bracts 
which  are  oAen  colored.  Calyx  of  three  to  five  sepals,  whidi  are 
dry  and  scarious  like  the  bracts.  Stamens  dye  or  fewer,  hypog}-- 
nous,  distinct  or  monadelphous :  anthers  frequently  one-celled.  Utri- 
cle often  opening  as  a  pyxis  (Fig.  575).  Embr}'o  annular,  always 
verticaL  Otherwise  nearly  as  in  Chenopodiaceaj.  —  Amarantus, 
^bc  A  few  Amaranths  (Coxcomb,  Sec,)  and  Globe  Amaranths 
(Gomphrena)  are  cultivated  for  ornament.  But  most  of  the  family 
are  coarse  and  homely  weeds  (Pigweeds,  &c.). 


nu  iu«  nof  1109 

897.  Ord.  Polygonaeeo  (Buckwheat  Family).     Herbs  with  alter- 
nate  leaves ;  remarkable  for  their  stipules  (ochrese.  Fig.  805),  which 

FIO.  1106.  PalTfODiim  PauMyhwiieiim.  1100.  FIaw«r,  l«kl  <ypeB.  1110.  Seetkm  of  Hm 
•v«7,  ilioirloc  Um  «reei  amis.  1111.  SmUoh  of  Um  tMd,  ihowiag  lb*  Mnbryo,  at  om  lidb  oC 
albmiMii. 
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usually  form  shealbs  around  the  stems  above  the  leayes,  and  fer 
t  heir  orthotropous  ovuks  (Fig.  5 18, 526).  Stamens  definite,  inserted 
on  the  petalold  calyx.  Fmit  achenium-Uke.  Embryo  eunredy  or 
nearly  straight,  applied  to  the  outside  (rarely  in  the  centre)  of 
starchy  albumen  (Fig.  606).  —  JSx,  Fdygonum,  Bomex  (Dock, 
Sorrel),  Rheura  (Rhubarb).  The  stems  and  leaves  of  Rhubarb 
and  Sorrel  are  pleasantly  acid :  while  several  Polygonums  (Elnoi- 
weed,  Smart-weed,  Water  Pepper,  ^Icc)  are  acrid  or  rubefacient* 
Tlie  farinaceous  seeds  of  P.  Fagopjmim  (the  Buckwheat)  are  used 
for  food.  The  roots  of  most  species  of  Shubarb  are  purgative :  but 
it  is  not  yet  known  what  particular  species  of  Tartary  yields  the 
genuine  ofRcinal  article.  The  EiuOGONEiK  (a  Iar]g^  tribe  of  the 
southern  and  western  parts  of  North  America,  chiefly  west  of  the 
Rocky  Mountains)  are  remarkable  for  their  exstipidate  leaves  and 
involucrate  flowers. 

898.  Ord.  Lanrtees  {Laurel  Family).  Trees  or  shrubs,  with 
pellucid-punctate  alternate  leaves,  their  margins  entire.  Flowers 
sometunes  polygamo-dioecious.  Calyx  of  four  to  six  somewhat 
united  petaloid  sepals,  which  are  imbricated  in  two  series,  free 
from  the  ovary.  Stamens  definite,  but  usually  more  numerous  than 
the  sepals,  inserted  on  the  base  of  the  calyx :  anthers  two-  to  four- 
celled,  opening  by  recurved  valves !  Fruit  a  berry  or  drupe,  the 
pedicel  oflen  thickened.     Seed  with  a  large  almond^ike  embiyo^ 


destitute  of  albumen. — Ex.  Laums,  Sassafras,  Benzodn.    Afl  i 
matic  plants,  almost  every  part  abounding  in  warm  and  stimulant 

FIG.  1112.  Astuiitiiikte,uid  lllSfAptettUateflowwofSunftw.  1114.  AttaoMoirtaft  Ite 
glMida»ttlMlMM:  tbaaathM*  opening  by  two  Mts  of  valvef.  111&  PicOl ;  tlat  ovaiy  dtoUU 
•0.    1116  Branch  in  fruit.    1117.  SMtion  of  tb«  drupo  nnd  Mad. 
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Tofaftile  oil,  to  which  their  qualities  are  due.  Camphor  is  obtained 
from  Camphora  officinarom  of  Japan,  China,  ^bo.  Citmamon  is  the 
hark  of  Citinamomum  Zeylanicum;  Cania  bark^  of  Cinnamomum 
aromaticum  of  China.  The  aromatic  bark,  and  wood  and  the  verj 
mucilaginous  leaves  of  our  own  Sassafras  are  well  known.  Our. 
Benzoin  odoriferum  b  the  Spice-wood,  or  Feverbuslk  Laums 
nobilis  is  the  true  Laurel,  or  Sweet  Bay.  -  Persea  gratissima,  of  the 
West  Indies,  bears  the  edible  Avocado  pear. 

899.  Old.  ThTllldBCeS  {Mezereum  Family).  Shrubby  plants,  with 
perfect  flowers,  and  a  very  tough  bark ;  the  tube  of  the  petaloid 
calyx  being  free  from  the  (one-ovuled)  ovary ;  its  lobes  imbricated 
in  aestivation ;  the  pendulous  seed  destitute  of  albumen.  Stamens 
often  twice  as  many  as  the  lobes  of  the  calyx,  inserted  upon  its  tube 


lite  nit 

or  throat — JEx.  Daphne  and  Dirca  (Leather-wood,  M:oose»wood, 
Wickopy,  which  is  the  only  North  American  genus).  Hie  tough 
bark  is  acrid,  or  even  blistering,  and  is  also  useful  for  cordage.  The 
reticulated  fibres  of  the  liber  in  the  Lagetta  or  Lace-bark  of  Jamaica 
may  be  separated  into  a  kind  of  lace.  The  berries  are  more  or 
less  deleterious. 

900.  OnL  EleagDtteeS  (Oleaster  Famify).  Shrubs  or  small  trees, 
with  the  flowers  more  commonly  dioecious;  readily  -  distinguished 
from  the  preceding  by  having  the  foliage  and  shoots  covered  with 
Bcurf,  by  the  ascending  albuminous  seed,  and  the  persistent  tube  of 

FIG.  UlS.    Fkmcrinf  Inrsiich  «f  DtTM  pAUutrii.    Ul».  A  floirar.    11281  Tbt  imim,  ktt 
<yn  iiid  tinh^iiil     1121.  Jtaaaeh  la  froK. 
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ibe  calyx,  which,  although  free  fram  the  ovaiy,  becomes  eicculent; 
like  a  berry  in  fruit,  and  constricted  at  the  throat,  encloging  the 
emstaceous  achenium.  —  Ex,  Eleagnus,  Shepherdia.  Plants  of  no 
economical  importance,  except  that  a  few  are  cultivated  for  their 
silverj  foliage.  The  fruit  is  sometimes  eaten,  as  is  that  of  the  Buf> 
fido-berry  ^Shepherdia  argentea)  and  Silver-berry  (Eleagnus  ar- 
gentea)  by  the  Northern  aborigines. 

901.  Old.  Froteaees  (Pratea  Family).  A  rather  Imrge  family  of 
shrubs  and  trees  of  Southern  temperate  and  subtropical  regions, 
chiefly  of  the  Cape  of  Grood  Hope  and  Australia  (a  few  in  South 
America,  &c.),  with  rigid  coriaceous  leaves,  perfect  flowers,  either 
regular  or  irregular,  mostly  in  heads  or  spikes ;  the  lobes  of  the 
calyx  Talvate  in  aestivation ;  a  stamen  borne  on  each  of  its  four 
lobes ;  the  pistil  simple  and  free,  forming  a  mostly  dehiscent  fruit ; 
seeds  with  a  large  and  straight  embryo,  and  no  albumen.  Many 
of  these  plants  are  prized  in  conservatories  for  their  beauty  or  sm- 
gnlarity :  the  seeds  of  a  few  species  are  eaten. 

902.  Old.  SaDtalueS  (Sandal-wood  Family).  Trees,  shrubs,  or 
sometimes  herbs  (their  roots  inclined  to  form  parasitic  attach- 
ments) ;  with  alternate  entire  leaves,  and  small  (very  rarely  dioD* 


cious)  flowers*  Calyx-tube  adherent  to  the  ovary ;  the  limb  fbor- 
or  five-clefi,  valvate  in  aestivation  ;  its  base  lined  with  a  £eshy  disk, 
the  edge  of  which  is  often  lobed.     Stamens  as  many  as  the  lobes  of 

no.  112S.  Branch  of  ComMidraiimlMllaU.  1128.  RnlMfad  flow«r,  laid  open.  11S4.  ▼«• 
ileal  aaetion  of  a  floirer.  1126.  Ona  of  the  segments  of  the  calyx,  enlarged,  riiowfnf  tbs  taft 
U  hatn  which  conneets  its  soifhoe  with  the  anther  I    1126.  The  fkuit,  ledueedhi  sias* 
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Ite  calyx,  and  opposite  them,  inserted  on  the  edge  of  the  disk. 
Ovules  several,  destitute  of  proper  int^uments,  pendoloos  from  the 
apex  of  a  stipe-like  basilar  placeotii.  Style  one.  Fruit  indehiscent, 
crowned  with  the  limb  of  the  calyx.  Seed  albuminous.  Embryo 
smalL  —  £x*  Gnnandra,  Pyrularia,  &c  The  fragrant  Sandat-wood 
is  obtained  from  several  Indian  and  Polynesian  spedes  of  Santalum. 
The  large  seeds  of  Pyrularia  oleifera  (Bufialo-tree,  Qil-nnt),  of  the 
Alleghany  Mountains,  would  yield  a  copious  fixed  oiL  One  species 
of  Fusanus  in  Australia  is  esteemed  for  its  edible  seeds,  known  by 
the  name  of  Quamdan^nuts* 

903.  Ofd.  LonnthiCeS  (M$tletoe  Family)  consists  of  shrubby 
plants,  with  articukted  branches,  and  opposite  coriaceous  and  mostly 
dull  greenish  entire  leaves ;  parasitic  on  trees.  The  floral  envelopes 
are  various.  In  Mistletoe  (which  is  dioecious)  the  anthers  are  ses- 
sile and  adnate  to  the  face  of  the  sepals,  one  to  each';  while  Lo- 
ranthus  hAs  both  calyx  and  c<xx>lla,  the  latter  most  conspicuous,  and 
a  stamen  before  each  petal  and  adnate  to  it.  The  ovary  is  one- 
celled,  with  a  single  suspended  ovule,  consisting  of  a  nucleus  without 
integuments.  Fruit  a  one-seeded  berry.  Embryo  small,  in  fieshy 
albumen. — IHjc.  Loranthus;  Yiscum,  the  Mistletoe,  from  the  glu- 
tinous berries  of  which  birdlime  is  made ;  Phoradendron,  the  Ameri- 
can Mistletoe.    The  bark  is  astringent 

904.  Ord.  Pipertecs  {Pepper  Family).  A  peculiar  order  of  tropical 
herbaceous  or  shrubby  plants,  with  jointed  stems,  naked  (achlamyde- 
ous)  but  perfect  flowers  in  spikes  or  spicate  racemes,  a  one-celled  ovary 
with  an  erect  orthotropous  ovule ;  the  embryo  minute  in  a  viteUtu 
or  persistent  embryo-sac  at  the  apex  of  the  albumen.  —  Pungent 
and  stimulant  properties  characterize  the  order.  Piper  nigrum  fur- 
nishes Black  peppery  and  White  pepper  is  the  same,  with  the  flesh  of 
the  drupe  removed.  The  fruit  of  Cubeba  ofHcinalis,  &c  furnishes 
Oubebsy  which  are  hot  aromatics,  acting  also  on  the  mucous  mem- 
branes. The  pungency  in  all  these  plants  is  owing  to  a  peculiar 
volatile  oil  and  resin.  They  also  yield  a  crystalline  matter,  called 
Pipeline,  Others  have  more  intoxicating  properties,  as  Betel^  the 
leaves  of  a  Chavica,  chewed  by  the  Malays,  and  the  Ava  (Macropi- 
per  methysticum)  from  which  the  South^Sea  Islanders  make  their 
inebriating  drink. 

905.  Ord.  SauniraecS  (Lizard^t-tail  Family)  ;  differs  from  the  Pep- 
per Family  (of  which  it  is  an  ofTshoot)  in  the  feebly  pungent  quali- 
ties, the  distinct  stipules  (when  these  ore  evident),  and  the  three  or 
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more  ovaries^  separate  or  somewhat  tiiiited,  with  one  or  more  ovulnt 
in  each. — Ex,  Saumms,  Hottnjnia :  a  smaH  group. 


iisr       1M0  iin 

906.  Old.  CentophyllteeS  (Hbmwart  Family)  consists  of  the  sing^ 
genus  Ceratophyllum  (growing  in  ponds  and  streams  in  manj  paiis 
of  the  world) ;  distinguished  by  the  whorled  and  dissected  leaies 
with  filiform  segments ;  the  flowers  monoecious  and  sessile  in  the 
axil  of  the  leaves ;  the  stamens  indefinite,  with  sessile  anthers ;  and 
the  simple  one-celled  ovaiy,  which  forms  a  beaked  acheninm  in  fruit, 
containing  an  orthotropous  suspended  seed,  with  four  cotjledoos! 
and  a  manifest  plumule. 

907.  Ord.  Callitridiaces  {WaUr^Siarwmi  FamxUf) J  formed  of  the 
genus  Callitriche ;  aquatic  annuals,  with  opposite  entire  leuTea ;  the 
axillary  flowers  (either  perfect  or  monoecious)  with  a  two-leaved 

710.  1197;  ««mMU  MmnM.  liSS.  K  Mf««te  iow«r,  uMi  iti  bnel  ■««  a  ptrleflki 
uda  magniflcd.  1129.  A  more  magnified  anther,  diacharglnff  its  pollen  ttam  one  eeO.  1130. 
Crow-Mction  of  the  orary.  1131.  Vertical  leetion  of  one  of  the  earpeU  in  firuit,  and  cf  tht 
eontalned  seed,  with  the  aae  at  the  eztremltj  of  the  albumen,  oontdning  the  minottcBte]^ 
1132.  A  Med.  1188.  Same,  with  the  outer  integument  (tevta)  remored,  ahowing  the  viteEoi. 
1184.  The  Utter,  highl/  magnified.  1^.  Section  of  the  nme,  showing  the  endond  hnrt- 
shaped  embi>o. 
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Iftvolacre,  but  entirely  destitute  of  caljx  and  corolla ;  stamen  one 
(or  rarely  two),  hypogynous,  with  a  slender  filament,  and  a  reni- 
form  oonfluently  one-celled  anther;  the  ovary  four-lobed,  four-celled, 
indehiscent  in  fruit ;  the  seeds  albuminous. 


liar 


908.  Ord.  Podostenneen  {River-vjeed  Family)  comprises  a  few 
(chiefly  American  and  Asiatic)  aquatics,  in  rivers,  with  the  aspect 
of  Mosses,  Ilepaticas,  &c. ;  their  small  flowers  arising  from  a  spathe  ; 
the  calyx  oflen  entirely  wanting ;  the  stamens  frequently  unilateral 
and  monadelphou^ ;  the  ovary  two-  or  three-celled,  with  distinct 
styles ;  in  fruit  forming  a  ribbed  capsule,  containing  numerous  ex- 
albuminous  seeds  attached  to  a  central  column.  —  Ex.  Podostemon. 

909.  Old.  EophorbiaeeS  {Spurge  Family).  Herbs,  shrubs,  or 
trees,  often  with  a  milky  juice :  in  northern  temperate  climes  chiefly 
represented  by  the  genus  Euphorbia ;  which  is  remarkable  for  hav- 
ing numerous  staminate  flowers,  reduced  to  a  single  stamen  (487), 
enclosed  in  an  involucre  along  with  one  pistillate  flower,  this  reduced 
to  a  compound  pistil,  and  also  achlamydeous,  or  with  an  obsolete 
calyx.  But  other  genera  have  a  regular  calyx  both  to  the  staminate 
and  pistillate  flowers  ;  and  a  few  are  likewise  provided  with  petals. 
Ovary  of  two  to  nine  more  or  less  united  carpels,  coherent  to  a  cen- 
tral prolongation  of  the  axis  :  styles  distinct,  often  two-cleft.  Fruit 
mostly  capsular,  separating  into  its  elementary  carpels,  or  cocci 
(usually  leaving  a  persistent  axis)  :  these  commonly  open  elastically 

FIG.  1186.  GBlIitriche  Tvma,  about  the  natnnl  ri».  1137.  Perfect  flower*,  magnified. 
1188.  A  •tamloafee  and  pistillate  flower,  magnified.  1139.  The  fruit.  1140.  Croes-aection  of 
the  fruit.    1141.  Vertical  aection  through  the  pericarp,  seeds,  and  embrjo. 
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by  one  or  botii  sutures.  Seed  with  a  large  eml>ryo  in  fleshy  albu- 
men, suspended.  —  Ex.  Euphorbia  (Spurge),  Croton,  Buxos  (the 
Box).    Acrid  and  ddeterious  qualities  pervade  thid  large  order. 


n4s 


chiefly  resident  in  the  milky  juice.  But  the  starchy  accumulations 
in  the  rhizoma,  or  underground  portion  of  the  stem,  as  in  the  Man- 
dioc  or  Cassava  (Janipha  Manihot)  of  tropical  America,  are  per- 
fectly innocuous,  when  freed  from  the  poisonous  juice  by  washing 
and  heating.  Tlie  starch  thus  obtained  is  the  Castava^  which,  when 
granulated,  forms  the  Tapioca  of  commerce.  Tlie  farinaceous  albu- 
men of  the  seed  is  also  innocent,  and  the  fixed  oil  which  it  frequently 
contains  is  perfectly  bland.  But  the  oil  procured  by  expression 
abounds  in  the  juices  of  the  embryo  and  integuments  of  the  seed,  and 
IK>ssesses  more  or  less  active  properties.  The  seeds  of  Ricinus  com- 
munis yield  the  Castor  oil:  and  those  of  Croton  Tiglium,  and  some 
other  Indian  species,  yield  the  violently  drastic  Croton  oil  or  Oil  of 

FIO.  1142.  Flowering  bruMh  of  Snpbofbk  ooroUste;  ttie  lobet  of  tha  involoeM  fmrn- 
bllDg  «  corolU.  1148.  Vertical  tecUon  of  an  inrolacre  ( fiomewhat  enlaiged),  ahowlnff  a  portioo 
of  the  •taminate  flowen  aontiandlnf  the  plttillale  flower  (aK  whleh  in  fhiit  b  ninedaBt 
•lender  pedicel.  1144  One  of  the  atamioato  flowen  eolargedf  with  iti  hnet.  a :  »,  thi  pedlirii 
to  which  the  aingle  atamen,  e,  la  attached  by  a  Joint ;  there  being  no  tract  of  floral  eovelopM- 
1145.  CroMunection  of  the  8-piatIllate  fruit.  1146  Vertical  secUoo  of  ooo  of  tho  pletili  ta  frtit 
(the  two  others  having  (alien  awa/  (hMn  tho  axi«;,aoa  of  the  contained  leed ;  «liowii«  the  A* 
brjro  leugUiwise.    1147.  ▲  seed. 
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IXgUum.  Some  plants  of  the  family  are  most  virulent  poisons ;  as, 
for  example,  the  Manchineal-tree  of  the  West  Indies  (Hippomane 
Manicella),  which  is  said  even  to  destroy  persons  who  sleep  under  its 
shade ;  and  a  drop  of  the  juice  blisters  the  hand.  The  hairs  of  some 
species  (such  as  our  Cnidoscolus  stimulosus)  sting  like  Nettles.  Box* 
wood  is  invaluable  to  the  wood-engraver.  The  purple  dye  called 
Turnsole  is  from  Crozophora  tinctoria.  Another  most  important 
product  of  this  order  is  Gaoutc?ioue,  which  is  yielded  by  various  plants 
of  different  families ;  but  the  principal  supply  of  the  article  (that  of 
Para,  Demarara,  and  Surinam)  is  furnished  by  species  of  Siphonia. 
910.  Ori.  Empetraeen  {Crowherry  Family),  Low,  shrubby  ever^ 
greens,  with  the  aspect  of  Heaths ;  the  leaves  crowded  and  acerose, 


with  small  (dioecious  or  polygamous)  flowers  produced  in  the  axils. 
Calyx  consisting  of  regular  imbricated  sepals,  or  represented  by  im- 
bricated bracts.  Stamens  few :  pollen  of  four  grains  coherent  in 
one,  as  in  Heath.  Ovary  three-  to  nine-celled,  with  a  single  erect 
ovule  in  each  cell :  style  short  or  none :  stigmas .  lobed  and  oflen 
laciniated.  Fruit  a  drupe,  with  from  three  to  nine  bony  nucules. 
Seeds  albuminous ;  the  radicle  inferior.  —  Ex.  Empetrum,  Ceratiola, 
G>rema;  unimportant  plants.  Pi-obably  no  more  than  apetalous 
Ericaceae ;  but  the  stigmas  are  peculiar. 

911.  Ord.  UrtieaceS  {Nettle  Family)^  shrubs,  or  herbs,  with  stipules, 
oflen  with  milky  juice,  and  diclinous  or  polygamous,  rarely  perfect 
flowers,  furnished  with  a  regular  calyx ;  which  is  free  from  the  one- 

FTO.  1148.  Bnneh  of  CeimtiolA  ericoidM  in  fruit.  1149.  Mftgnifled  stMninate  fl<»WCT',  witii 
itii  bnctB  1160.  Th«  two  stameiu,  with  an  inner  l>net  or  Npal.  1161.  Hagnifl«d  piatlllato 
flower,  with  its  imbrleated  bracts.  1162.  Tlie  pistil  separate ;  one  of  the  cells  laid  open  by  a 
Tertieal  section,  showing  the  erect  omle.  1163.  Drupe,  with  the  persistent  scales  at  the  base. 
1164.  Transverse  peetion  of  its  endocarp,  or  two  nucules,  with  the  enclosed  seed  and  embryow 
1166.  Vertical  section  of  the  ssed. 
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odled  (sometiineB  two-celled)  ovary  and  the  always  one<elled  and 
one^seeded  fruit,  but  sometimes  enclosiDg  it  Stamens  as  many  as 
the  lobes  of  the  calyx  and  opposite  them,  or  sometimes  fewer.  Em- 
bryo large;  cotyledons  mostly  broad;  the  radicle  superior  in  the 
fruit  Stipules  oflen  dedduous.  A  laige  and  greatly  diversified 
order,  comprising  at  least  four  well-marked  suborders* 

912.  inbOfL  HlWMltW  (Bbn  Family).     Trees  or  slurubs,  with  a 

'  watery  juice,  alternate  rough  leaves,  perfect  or  merely  polygamous 

flowers,  two  styles  or  stigmas ;  the  ovary  either  one-  or  two-celled, 

with  one  ovule  suspended  from  the  summit  of  each.     Fruit  either  a 

samara  (Fig.  578),  with  a  straight  embryo  and  no  albumen,  as  in 


7 


1181  iin  wvi  iin 

the  Elm  (Ulmus) ;  or  a  drupe  with  a  curved  embr^'o  and  scanty 
albumen,  as  in  Celtis  (Hackberry),  the  type  of  the  tribe  Celtideje. 
Timber-trees.  The  inner  bark  of  the  Slippery  Elm  is  highly 
charged  with  mucilage.     Hackberries  are  edible. 

913.  Snbord.  ArtOCarpea  {Bread-fruit  Family) ;  which  are  chiefly 
tropical  trees  or  shrubs  with  a  milky  or  yellow  juice ;  the  monoe- 
cious or  dioecious  flowers  mostly  aggregated  into  fleshy  heads,  and 

TIG.  1166  Flower  of  ihm  SlippOTj  Khn.  1107.  Calyx  laid  op«i  and  the  otary  dHlded  t«r> 
tIeaUf.  1168.  Vraltr  the  oaU  laM  opan  to  ahoir  Iha  aingle  laed.  1169.  Tlia  latter  iiMgnliwL 
1160.  Itsambryo. 

FIG.  1161.  Branoh  of  Celtia  Americana,  In  flower.  1162.  Enlarged  flower,  di?ld«l  vesU* 
caUy.    1168.  Drupe,  the  flesh  diyidisd  to  ahow  the  atone.    1169.  The  eoikd  mabrfo. 


Digitized  by 


Google 


XZOOKKOU9  OB  DICOTTLZDOKOU8  PLANTS*  475 

fbrnnng  a  moltiple  iriiit^  or  else  endosed  io  adiy^or  ticcolenl  mvo- 
kcre*  Styles  or  sligiMM  commonlj  twa  Ovary  ripening  into  an 
achenittm.  Seeds  with  or  witivoat  albmnen.  -—  JSr.  Artocarpns  (the 
Bread-froit),  Morns  (the  Mulberry,  fig.  5^S-- 595),  Machnra  (the 
Oetk^e  Orange),  Picas  (the  Fig,  Fig.  580-593).  The  fhilt  i^ 
often  mfiooent  and  edible,  at  least  nRrhen  cooked:;  while  the  milky 
juice  is  more  or  less  acrid  or  deleterious.  It  alM>  abounds  in  CaoMi" 
ehoHc ;  much  of  which  is  obtained  fW>m  some  Sottth  American  trees  of 
this  order^  and  from  Fiscus  elastica  in  Java.  In  one  instance,  how* 
ever,  the  mi&y  jnioe  is  perfectly  innocent  ( that  of  the  famous  Cow* 
tree  of  South  Ameiica,  which  yields  a  ridi  and  wholesome  milk^ 
One  of  the  most  virulent  of  poisons,  the  Bohon  Upas,  is  the  concrete 
juice  of  Antiaris  toxicaria  of  the  Indian  Archipelago.  The  Bread- 
fruit is  the  fleshy  receptacle  and  multiple  fruit  of  Artocarpus. 
Futtic  IS  the  wood  of  the  South  American  Madura  dnctoria ;  the 
wood  of  our  own  Madura  or  (^age  Orange  is  used  by  the  Western 
Indians  for  bows.  l%e  resin  called  Guat  Lac  exudes  and  forms 
small  gndas  on  the  branches  of  the  celebrated  Banyan-tree  (Ficus 
Indica,  Fig.  142). 

914.  gibsnl.  Waxm  {Trm  NetiU  Family) ;  whidi  are  herbs  in 
eoldtf  countries,  but  often  slunbs  or  trees  in  the  tropics,  with  a 
watery  juice,  ofteit  with  stinging  haiit^;  the  monoecious  or  dioedous 
flowers  mostly  loose,  spicate,.  or  panided.  Ovule  orthotropous. 
Ovary  always  on^^cdled,  and  style  or  stigma  one ;  the  achenium 
usually  surrounded  by  a  dry  and  membranous  calyx.  Embryo 
straight,  in  fleshy  albumen.  —  Ex,  Urtica  (the  Nettle),  &c.  Innoc- 
uous i^ants,  except  for  the  stinging  hairs  of  many  spedes*  The 
inner  bark  of  Nettles  yields  very  tough  and  slender  fibres. 

915.  Snbord*  CanimbiDes  {Hemp  Famify).  Annual  erect  herbs, 
or  perennial  twining  plants,  with  a  watery  juice  and  dioecious  flow- 
ers ;  the  staminate  flowers  racepnose  or  panicled ;  the  pistillate  glom- 
en^  or  imbricated  with  bracts,  and  forming  a  kind  of  strobile-like 
ament;  their  calyx  one-leaved.  Stigmas  two.  Ovary  one-celled, 
with  an  erect  orthotropous  ovule.  Embryo  coiled  or  bent :  albumen 
none.1 — JSx,  Cannid>is  (the  Hemp),  Humulus  (the  Hop),  ffopt 
are  the  catkins  with  large  bracts ;  the  bitter  and  sedative  principle 
chiefly  resides  in  the  yellow  grains  that  cohere  to  the  scales  and 
cover  the  fruit  The  leaves  of  Hemp,  when  grown  in  a  hot  climate, 
are  po^'eriully  stimulant  and  narcotic,  and  are  used  in  the  East  for 
intoxication.    The  inner  bark  is  used  for  cordage,  dec 
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916.  Ord.  Platanaees  (Pl<me4ree  Family)  consists  of  the  angle 
genus  Platanus  (Plane-tree,  Button-ball),  with  one  Asiatic  and  one 
or  more  North-American  species :  fine  trees,  with  a  watery  jmce, 
and  alternate  palmatelj-lobed  leaves,  with  sheathing  stipules.  Flow* 
ers  in  globose  amentaceous  heads;  both  kinds  destitute  of  floral 
envelopes.  Fruit  a  one-seeded  club-shaped  little  nut,  the  base  fur- 
nished with  bristly  hairs.     Seed  albuminous. 

917.  Ord.  Jaglaidices  {Walnut  Family).  Trees,  with  alternate 
pinnated  leaves,  and  no  stipules*  Flowers  monoscious.  Sterile 
flowers  in  aments,  with  a  membranous  irregular  calyx,  and  indefinite 
stamens.  Fertile  flowers  few,  clustered,  with  the  calyx  adherent  to 
the  incompletely  two-  to  four-celled  but  one-ovuled  ovary,  the  limb 
small,  three-  to  five-parted ;  sometimes  with  as  many  small  petals. 
Ovule  orthotropous.  Fruit  drupaceous ;  the  exocarp  filuxHis-fleshy 
and  coherent,  or  else  coriaceous  and  dehiscent:  endocarp  bony. 
Seed  four-lobed,  without  album^i.  Embryo  oily :  cotyledons  cor- 
rugate, two-cleft.  —  Ex.  Juglans  (Walnut,  Butternut),  Carya  (Hick- 
ory.  Pecan,  &c.).  —  The  greater  part  of  the  order  is  North  Ameri- 
can. The  timber  is  valuable ;  especially  that  of  Black  Walnut, 
for  cabinet-work,  and  that  of  Hickory,  for  its  great  elasticity  and 
strength.  The  young  fruit  is  acrid :  the  seeds  of  several  are  de- 
licious ;  those  of  the  Walnut  abound  in  a  drying  oiL 

918.  Ord,  CapoHfcne  {Oak  Family).  Trees  or  shrubs,  with  alter- 
nate and  simple  straight-veined  leaves,  and  dedduous  stipules. 
Flowers  usually  monoecious.  Sterile  flowers  in  aments,  with  a 
scale-like  or  regular  calyx,  and  the  stamens  one  to  three  times  the 
number  of  its  lobes.  Fertile  flowers  solitary,  two  to  three  together, 
or  in  clusters,  fiimished  with  an  involucre  which  encloses  the  fruit 
or  forms  a  cupule  at  its  base.  Ovary  adnate  to  the  calyx,  and 
crowned  by  its  minute  or  obsolete  limb,  two-  to  six-celled  with  one 
or  two  pendulous  ovules  in  each  cell :  but  the  fhnt  is  a  one-cdled 
and  one-seeded  nut  (Fig.  576).  Seed  without  albumen.  Embryo 
with  thick  and  fleshy  cotyledons,  which  are  sometimes  coalescent — 
Re.  Quercus  (the  Oak),  Fagus  (the  Beech),  Ooryhis  (the  Hazel- 
nut), Castanea  (the  Chestnut),  &c  Some  of  the  principal  forest- 
trees  in  northern  temperate  regions.  The  valuable  timber  and 
edible  nuts  they  furnish  are  too  well  known  to  need  enumeratioo. 
The  astringent  bark  and  leaves  of  the  Oak  abound  in  tannin,  gallic 
acid,  and  a  bitter  extractive  called  Quercine  ;  they  are  used  in  tan- 
ning and  dyeing.     Quercitron  is  obtained  from  the  Quercus  tino* 
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foria.  GaU$  are  swellings  on  the  leafstalks,  &c^  when  wounded  by 
certain  insects ;  those  of  commerce  are  derived  from  Q.  infectoria  of 
Asia  Minor.  Cork  is  the  exterior  oorkj  layer  of  the  hark  of  the 
Spanish  Quercos  Suber* 


919.  Old.  lyrimcs  (Sweet- Gale  FamUy).  Shrubs,  with  alter- 
Hate  and  simple  aromatic  resinous-dotted  leaves,  monoecious  or  dioe- 
doos.  Differs  from  the  next  principally  by  the  one-celled  ovary, 
with  a  single  erect  orthotropous  ovule,  and  a  drupe-like  nut.  —  Ex. 
Myrica,  Ck>mptonia,  the  Sweet  Fern.  Tlie  drupes  of  M.  cerifera 
(our  Candleberry  or  Bayberry)  yield  a  natural  wax. 

920.  Ord.  Betaluev  {Birch  Family).  Trees  or  shrubs,  with  al- 
ternate and  simple  straight-veined  leaves,  and  deciduous  stipules. 
Flowers  monoecious ;  those  of  both  kinds  in  aments  (Fig.  812),  and 
commonly  achlamydeous,  placed  three  together  in  the  axil  of  each 
three-lobed  bract.  Stamens  definite.  Ovary  two-celled,  each  cell 
with  one  suspended  ovule :  styles  or  stigmas  distinct.  Fruit  mem« 
branaceous  or  samara-like,  one-celled  and  one-seeded,  forming  with 
the  three-lobed  bracts  a  kind  of  strobile.  Albumen  none. — Ex. 
Betula  (the  Birch),  Alnus  (Alder).    The  bark  is  sometimes  astrin- 

VIO.  1164.  QaeievM  ChlnqnaplB  la  fruit:  a,  eltuter  of  ttortto  ftiDMits.  116S.  A  magnified 
•lialiuite  flimer.  1166L  TnuMrene  Metkm  of  an  orsrjt  ibowing  Um  Uirea  eeUa  wiUi  two 
OTolca  In  each.  1167.  Tho  Immatora  seed,  with  the  accompanying  abortlTc  orule.  1168.  The 
&at  (acorn),  in  Itf  icalj  InToloeref  or  cnpnle.  1169.  Vertical  Mctkm  of  the  fame,  and  of  the 
InehHJed  eeed  and  emhiyo,  ihowlng  the  thick  eotyledona. 
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gent,  and  that  of  the  Birch  is  aromatie.  The  peculiar  odor  of 
Russia  leather  is  said  to  be  owiiig  to  a  pjrroligneous  <nl  obUuned 
from  Betula  alba,  or  White  Birch. 


im  1171  int  1177 

921.  Ord.  Salieaceffi  (Willow  Family).  Trees  or  shrubs,  with  al- 
ternate simple  leaves,  furnished  with  stipules.  Piowers  dioodoos ; 
both  kinds  in  aments,  and  destitute  of  floral  enrelopes  (achlarajdei 
ous),  one  under  each  bract.  Stamens  two  to  several,  sometimes 
monadelphous.  Ovary  one^celled,  >inan}M>vu]ed  2  Stjles  or  stigmas 
two,  oflen  two-defl.  Fruit  a  kind  of  follide  openii^  bj  two  valves. 
Seeds  numerous,  ascending,  furnished  with  a  silky  coma!  Alba- 
men  none,  ^  Ex.  Salix  (Wilbw,  Fig.  41S  -  419),  and  Populus  (the 
Poplar).  Trees  with  light  and  soft  wood :  the  slender,  flexible 
shoots  of  several  Willows  are  employed  for  wickei^woii^.  The  bark 
13  bitter  and  tonic,  and  contains  a  peculiar  substance  (SaUdne), 
which  possesses  febrifugal  qualities.  The  buds  of  several  Poplars 
exude  a  fragrant  balsamic  resin.         .      : 

FIO.  1170.  Toang  ament  of  ntunliiate  flowcn  of  a  BIreh  (Betola  fhttleoia  ?  V  1171.  Om  of 
the  Ume-lolMd  lealwof  ttas  MUM^eDtafseil,  thmring  ttM  a9w«i«<atMwte>fNi  tbtlaMr  «•. 
1172.  Ament  of  ptotillato  flowon.  117S*  Branch  In  fruit  UTS'.  One  of  IIm  walei  with  Hi 
three  flowers  (pletili)  aeen  from  within.  1174.  Magnified  aeetioB  of  one  of  the  two<elled  pli- 
tila,  displaying  the  orole  wspended  ftom  the  ■ommlt  of  eaeh  eelL  1175.  The  pistfli(wllh 
their  eubtending  bract)  in  a  mors  adranced  state.  1176.  Megnlfled  croee  aectlou  of  one  of  thi 
OTariea.  1177.  The  mnture  fruit,  with  the  cell  diTided  Tertically ;  the  dngle  eeed  oeeapytag 
the  eaTity  ;  a  mere  tnuw  of  the  other  ceU  being  Tiidbie^  117&  The  aeed  iimovvd.  1179.  At 
embiya 
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Sabdass  2.    Gtmnosperuous  Exogkvous  Plants. 

Ovules^  and  consequently  the  seeds,  naked,  tliat  is,  not  enclosed  in 
an  ovary  (560) ;  the  carpel  being  represented  either  by  an  open 
scale,  as  in  Pines ;  or  by  a  more  evident  leaf,  -as  in  Cycas  ;  or  else 
wanting  altogether,  as  in  the  Yew. 

922.  Ord.  Conifers  (Pine  Family).  Trees  or  shrubs,  with  branch- 
ing  trunks,  abounding  in  resinous  juice  (the  wood  chiefly  consisting 
of  a  tissue  somewhat  intermediate  between  ordinary  woody  fibre 
and  vessels,  and  marked  with  drcular  disks) ;  the  leaves  mostly 


1191  nas  1184 

evergreen,  scattered  or  fascicled,  usually  rigid  and  needle^haped  or 

TIG.  1180.  Carpellary  icato  of  CnprMiiu  Mmpenrlrana  (tb«  trne  GypieM),  Men  from  wfth- 
In,  and  fhowloff  Um  dubmoim  «rUioCf«poa0  otuIm  thaft  atud  on  it»  hum.  1181.  BxMieh  of 
AUet  CanMtaoiif  (IXcBloek  Spriice).  vith  Inleml  ilMnlnato  flowen,  and  a  tuXX\9  ttrobila. 
1182.  Staminate  ament,  magnlfts^.  1188.  Carpellary  Male  of  a  fertile  ament,  with  its  bract. 
11S4.  Similar  fertile  aeale,  more  magnlfled  and  M«n  from  within ;  thowing  the  two  omlei  ad- 
harmt  to  Iti  \mmi  one  of  tbem(tte  teft)  laid  opes.  1186.  The  Male  in  front,  newlj  of  the 
natural  liie,  its  inner  lurfece  oeeapied  by  the  two  leedi.  1186.  Polyootyledonouii  embryoe  of 
Abiee  and  Cypren.  1187.  Vertical  Motion  of  an  eu^ryo.  1188.  Strobile  of  Tkxodlom  die* 
tichiun  (Suborder  Cnprwriniw). 
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linear,  entire.  Flowers  monoecious  or  dioecioas,  commonly  amenta- 
ceous. Staminate  flowers  consisting  of  one  or  more  (often  mona- 
delphous)  stamens,  destitute  <^  caljx  or  corolla,  arranged  on  a  eom- 
mon  rhachis  so  as  to  form  a  kind  <^  loose  ament  —  The  particiilar 
structure  of  the  flowers  and  fruit  varies  in  the  subordinate  groups^ 
chiefly  as  follows :  — 

923.  gnbord.  AbietlneS  (Fir,  or  Pine  Family  proper).  Fertile 
aments  formed  of  imbricated  scales ;  which  are  the  flat  and  open 
carpels,  and  bear  a  pair  of  ovules  adherent  to  their  base,  with  the 
foramen  turned  downwards  (Fig.  511).  Scales  subtended  bj  bracts. 
Fruit  a  strobile  or  cone  (Fig.  596),  Integument  of  the  seed  cori- 
aceous or  woody,  more  or  less  firmly  adherent  to  the  scale.  Em- 
bryo in  the  axis  of  fleshy  albumen,  with  two  to  fifteen  co^ledons. 
Buds  scaly. 

924.  8Dbord.  Cnpreniies  {C^fprett  Famify).  Fertile  aments  <^ 
few  scales  crowded  on  a  short  axis,  or  more  numerous  and  peltate, 
not  bracteate.  Ovules  one,  two,  or  several,  borne  on  the  base  of  the 
scale,  erect  (the  foramen  looking  towards  its  apex.  Fig.  516,  1180). 
Fruit  an  indurated  strobile,  or  sometimes  fleshy  and  with  the  scales 
concreted,  forming  a  kind  of  drupe.  Integument  of  the  seed  mem- 
branous or  bony.  Cotyledons  two  6r  more.  Anthers  of  several 
parallel  cells,  placed  under  a  shield-like  connective.  Buds  naked. 
— Fx,  Cupressus  (Cypress),  Taxodium  (American  Qypress),  Juni- 
perus  (Juniper,  Red  Cedar). 

925.  Sobord.  Taxines  (Tew  Family).  Fertile  flowers  solitary, 
terminal,  consisting  merely  of  an  ovule,  forming  a  drupaceous  or  nnt- 
like  seed  at  maturity.  There  are,  therefore,  no  strobiles  and  no 
carpellary  scales.  Embryo  with  two  cotyledons.  Buds  scaly. — 
Fx.  Taxus  (the  Tew),  Torreya. 

926.  It  is  unnecessary  to  specify  the  important  uses  of  this  large 
and  characteristic  family,  which  comprises  the  most  important  tim- 
ber-trees of  cold  countries,  and  also  furnishes  resinous  products  of 
great  importance,  such  as  turpentine,  renn,  pitch,  tar,  Canada  hal- 
tam,  &C.  The  terebinthine  Juniper^ierries  are  the  fruit  of  Juni- 
perus  communis.  The  Larch  yields  Venetian  turpentine.  The 
powerful  and  rubefacient  Oil  of  Savin  is  derived  from  J.  Sabina  of 
Europe:  for  which  our  nearly  allied  J.  Yirginiana  (Red  Cedar) 
may  be  substituted.  The  leaves  of  the  Yew  are  narcotic  and  dele- 
terious. The  bark  of  Larch,  and  especially  of  the  Hemlock-Sprace, 
is  used  for  tanning. 
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927.  Ord.  GyeadaceiB  {Cycai  Family).  Tropical  plants,  with  an 
unbranched  cylindrical  trunk,  increasing,  like  Palms,  by  a  single 
terminal  bud ;  the  leaves  pinnate  and  their  segments  more  or  less 
rolled  up  from  the  apex  (circinate)  in  vernation,  in  the  manner  of 
Ferns.  Flowers  dioecious ;  the  staminate  in  a  strobile  or  cone ;  the 
pbtillate  also  m  strobiles,  or  else  (in  Cycas)  occupying  contracted 


and  partly  metamorphosed  leaves;  the  naked  ovules  borne  on  its 
margins.  —  Ex.  CycBS,  Zamia.  -^  A  kind  of  Arrowroot  is  obtained 
from  these  thickened  stems,  or  caudexes,  as  from  our  dwarf  Florida 
species^  (the  Coontie  of  the  aborigines) ;  and  a  coarse  Sa^o  from 
the  trunk  of  Cycas. 

FTO.  1189.  Zunfe  inCegrifoIla  (the  Coontu  of  Florida).  1190.  Sectton  of  the  sterile  ament. 
1191.  One  of  Its  scalce  detached,  hearing  scattered  anthers.  1192.  Fertile  ament,  ftt>ai  which 
a  qoafter-etatlon  Is  mnored.  1198.  A  piitillate  flower,  consistiog  of  two  omles  pendent  fh>iii 
(be  tMckened  siunmlt  of  Che  carpeUary  scale.  IIM.  A  drapaoeoos  seed,  from  which  a  part  of 
the  pnlpj  oQter  portkm,  at  the  apex,  Is  remored.  1195.  Vertical  section  ihroogh  the  seed  (of 
the  natonU  slae),  showiog  the  pulpy  oater  eoat,  the  hard  inner  Integnment,  the  alhmnen,  and 
tbeembiyow 
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Class  IL    ExDOOENOUs  or  Monocottledonous  Plants. 

Stem  not  distinguishable  into  bark,  pith^  and  wood ;  but  the  latter 
consisting  of  bundles  of  fibres  and  vesseb  irregularlj  imbeded  in 
cellular  tissue ;  the  rind  firmly  adherent ;  no  medullary  rays,  and 
no  appearance  of  concentric  layers :  increase  in  diameter  effected 
by  the  deposition  of  new  fibrous  bundles,  which  at  their  commence* 
ment  occupy  the  central  part  of  the  stem.  Leaves  seldom  falling 
off  by  an  articulation,  sheathing  at  the  base,  usually  alternate,  entire, 
and  with  simple  parallel  veins  (nerved).  Floral  envelopes  when 
present  mostly  in  threes,  never  in  fives ;  the  cal3rx  and  corolla  most 
commonly  undistinguishable  in  texture  and  appearance,  iknbryo 
with  a  single  cotyledon ;  or,  if  the  second  is  present,  it  is  mudi 
smaller  than  the  other,  and  alternate  with  it. 

Conspectus  of  the  Orders^ 

tffnup  1.  Flowers  on  a  spadix,  (uniished  with  a  doable  and  free  periantli 
(answering  to  calyx  and  corolla).  Ovary  one-  to  three-celled,  with  a  single 
ovule  in  each  celL  Embryo  in  hard  albnmen. — Trees  with  nnbnnched 
columnar  trunks.  Palili. 

(^rm^  2.  Flowers  on  a  spadix  ;  with  the  perianth  simple  and  free,  or  rednosd 
to  a  few  scales,  or  commonly  altogether  wanting.  —  Chiefly  herbs. 

Terrestrial.    Fruit  nut-like,  or  comose,  one-seeded.  Ttphacsx. 

Terrestrial,  mostly  with  a  spathe.  Fruit  baccate.  Arxcem, 
Aquatic  (floating  or  immersed). 

Flowers  developed  from  the  edge  of  the  floating  frond.  Lemkacbx. 

Flowers  axillary  or  on  a  spadix.  NjaAOAcas. 

Group  a.  Flowers  not  spadioeous,  furnished  with  a  double  and  free  periandi 
(calyx  and  corolla).  Ovaries  several,  distinct,  or  sometimes  united.  Aqost- 
ic  herbs.  Alismackje. 

Group  4.  Flowers  with  a  simple  or  double  perianth,  which  »  adherent  to  the 
ovary,  regular,  developed  from  a  spathe,  polygamous  or  diclinous.  Ovaiy 
one-ccUcd  with  parietal  placentsB,  or  3-9-oelled.  Seeds  destitute  of  alba- 
men.  —  Aquatics.  Htdhochaeidackji. 

Grwq}  5.  Flowers  perfect  with  the  double  or  6-mero«s  perianth  adheicnt  to  the 
ovary  (or  more  or  less  free  in  some  HicmodoracesB  and  Bromeliacec). 
Seeds  with  albumen,  except  perhaps  the  very  minute  ones  of  OrchidaceB, 
Ibc.    Leaves  parallel-veined. 
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JStamens  gynandronSy  I  or  2  fertile.    Flower  irregslai'.  Oimhipacbjb* 

Stamens  not  gjnandroQS.    Flower  irregular. 

Fertile  stamen  1,  inferior.  ZixoiBBHACEii. 

Fertile  stamen  1,  superior.  Cannacbjb. 

Fertile  stamens  mostly  5,  the  sixth  abortaTO.  Musacbjb. 

Stamens  sot  gyBandrons,  regalarly  3  or  6. 

.  Anthers  extrorse.    Stamens  3,  before  the  sepals.  Iridacbjb. 

Anthers  introrse,  when  3  before  the  inner  periantlb 
Anther-cells  separated  by  a  broad  connective.  Busxakkiacbjb. 

Anther-cells  approximate  or  joined. 
Leaves  not  scurfy.    Stems  from  bulbs.  Axahyludacbjb. 

I«eaves  scurfy  or  woolly.    No  bulbs. 

Terrestrial.    Stamens  3  or  €.  Hjbxooohacbjc 

Mostly  epiphytes.    Stamens  6.  Bbombliagbjb. 

Crwip  6.  Flowers  dicedous,  with  a  Generous  perianth  adherent  to  the  ovary* 
Seeds  with  a  minute  embryo  in  hard  albumen.  Iieaves  ribbed  and  nettcd- 
veined,  articulated  with  the  stem.  Piosgobbagbjb. 

€fwp  7.  '  Flowers  dioecious  or  perfect ;  the  regular  perianth  ftee  finom  the  ovary. 
Styles^  or  sessile  stigmas  distinct.  Embryo  minute  in  hard  albumen. 
Leaves  more  or  less  netted-veined.  Smilagbjb. 

Groitp  S.    Flowers  perfect,  not  from  a  spathe,  with  the  regular  $-merous  peri- 
«      Budi  free  fronx  tiie  ovary.    Seeds  anatropous,  with  Blburaea. 
Perianth  not  glumaceous.    Leaves  parallel-veined. 

Anthers  introrse.    Styles  united  into  one.  Liliagbjb. 

Anthets  extrorse.     Styles  mostly  separate.  MBi«AifTHACB.s. 

Ptefianth  glumaceous.    Styles  onited  into  one.  JinrGACBJB. 

€Toup  9.  Flowers  perfect,  developed  from  a  spathe,  commonly  somewhat  ir- 
regular, the  6-merons  perianth  free  from  the  ovary.  Seeds  anatropous,  widi 
albumen.    Aquatics.  PoNTBDBBiACBiB. 

Ormp  10.  Flowers  with  a  double  or  Imbricated  perianih,  finee  from  the  ovary ; 
the  exterior  divisions  (sepals)  herbaccoos  or  ghimaeeous ;  the  inner  (pet- 
als) petaloid,  free  from  the  one-  to  throe-celled  ovary.  Seeds  2, 8,  or  many, 
orthotropous ;  the  embryo  at  the  extremity  of  the  albumen  fiuthcst  fh>m  the 
hilum. 

JHowers  perfect    Sepals  herbaceous.    Petals  colored.  CoxMBiOTNACBis. 

Flowers  perfect,  capitate.    Sepals  and  bracts  glumaceoos.  Xybidacbjb. 

Flowers  monoecious  or  dioecious,  capitate.  Ebiogacumi agbjb. 

Grovp  11.  Flowers  imbricated  with  glumaceous  bracts  (glumes),  and  disposed 
in  spikelets  ;  the  proper  perianth  none  or  rudimentary.  Ovary  one-celled^ 
one^vuled.  Seeds  anatropous.  Embiyo  at  the  extremity  of  the  albumen 
next  the  hilum. 

Sheaths  of  the  leaves  closed.    Glume  or  bract  single.  Ctpbbacba. 

Sheaths  open.    Glumes  mostly  in  pairs.  Gbaminb^ 
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928.  Ard.  Palms  (Pa!m$).  Chiefly  trees^  with  unbranchedcjlin* 
drical  trunks  growing  bj  a  terminal  bud.  Leaves  large,  clustered, 
fan-shape4  or  pinnated,  plaited  in  Temation.  Flowers  small,  per- 
fect ;0r  polygamous,  mostly  wj^tk  a  double  (G-merous)  perianth ;  the 
stamens  usually  as  many  as  the. petals  and  sepals  together.  Ovary 
1  -  S-celled,  with  a  single  ovule  in  each  cell.  Fruit  a  drupe  or  berry. 
Seeds  with  a  cartilaginous  albumen,  often  hollow ;  the  embryo  placed 
in  a  small  separate  cavity.  —  £x.  Palms,  the  most  migestic  rs^ce  of 
plants  withip  tl^e  tropics,  and  of  the  highest  value  to,  manl^ind,  are 
scarcely  found  beyond  the  limitd  of  the^e  iavored  regions*  The 
Date-tree  (Phoenix  dactylifera,  the  leaves  of  which  are  the  Pabns 
of  Scripture),  a  native  of  Northern  Africa,  endures  the  climate  of 
the  opposite  filKir^Si  of  the  Mediterranean :  while  ix^  the  New  World, 
Chamierops  PalniettaXFJg..l84),  tlie  only  arborescent  species  of  the 
United  States,  and  one  or  two  low  Palms  with  a  creeping  caudez 
(Dwj^Palip^ttp),  extend  frpm  Florida  to.  North  Carolina.  Palm^ 
afford  food  and  niment»  winey  oil,  wax,  flour,  sugar,  salt,  thread, 
weapons,  utensils,  and  habitations.  The  Coooanut  (Cocos  nucifera) 
18  ^rhap9  th(^.  ipost  important,  as  well  as  th,e  most  widely  dlQiise^ 
species.    Be8id<^,M#  iwiejlrjkpp^r^  firuUt.and  the.  beyen^  it  contsunsy 


thofaard  tninki  are  ettployediio.  the^isonaHuDtionof  hufts;  the  Ut^ 
minal  bud  (as  in  our  Palmetto  and  other  Cabbage  Palms)  h  a  ddi- 
cious  article  of  food ;  the  leaves  are  used  for  thatching,  for  making 

Fia.  IW  ,  PwW*>  of  the  liOlorWJeffce  of  Qi«n«rop«  hjwMx  (Bln^  PWrnetto).  1197.  A 
iterile  flower.  119S,  Perfect  flower,  wiUi  the  calyx  and  eorolta  remored.  1199.  Saa^  with 
three  of  the  etameni  remoTed,  to  aa  move  diftltietljr  to  ahoar  the  three  aomewhat  nnlMdci^peli. 
laOO.  One  of  the  oarpela  enlargedf  aeen  laterally.  1201.  Same,*  with  a  leetlon  of  Iti  inner  tee, 
AowUiK.,^  OTiiIe  or  yoang  leed^  1202.  Vertical  eeetlDD  of  >  young  coeoannt,  ahowlnff  tbe 
hollow  aihnaian ;  aad  alio  the  jbmU  embi70  in  a  aeparate  UttJla  eaTity.    120S  Seetka  ef  a 
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l^als^  b:isket%  mlUs,  fences,  for  toirches,  arid  for  writing  upon ;  the 
$talk  and  midrib  for  oai^ ;  their  ashed  yield  abundance  of  potash  ; 
the  juice  of  the  ^wers  and  stems  (replete  with  sugar,  which  is 
sometimes  separated  under  the  name  of  «/a^ery)  is  fermented  into  a 
kind  of  wine,  or  distilled  into  Arrack;  from  its  spathes  (as  from 
some  other  Palms),  when  wounded,  flows  a  grateful  laxattre  bever- 
age, known  in  India  by  .the  name  of  Toddy;  the  rind  of  the  fruit  is 
used  for  culinary  vessels ;  its  tough,  fibrous,  outer  portion  is  made 
into  very  strong  cordage  (Coir  rope)  ;  and  an  excellent  fixed  oil  is 
copiously  expressed  from  the  kernel  Sago  is  procured  from  the 
trunks  of  many  Palms,  but  chiefly  from  species  of  Sagus  of  Eastern 
India.  Canes  nnd-Jiaitans  are  the  slender,  oflen  prostrate,  stems  of 
species  of  Calamus.  —  The  Phytelephas,  or  so-called  Ivory  Palm, 
of  Central  America,  the  seeds  of  which  are  the  VegetMe  Ivory  now 
so  commonly  used  by  the  turner,  in  place  of  ivof y,  for  small  articles, 
is  not  a  genuine  Palm,  having  polygamo-dicecious  flowers  with  a 
rudimentary  perianth,  or  none  at  all,  Ac  It  is  proposed  as  the  type 
of  an  order  (PHrrELEPHANTEJE)  ;  but  may  for  the  present  be  ap- 
pended to  the  Palms  ^  between  which  and  the  succeeding  orders 
stands  the 

929.  Ord.  Pandanaees ;  tropical  arborescent  plants,  of  Palm-like 
port,  but  their  simplified  didinous  flowers  destitute  of  a  periatith,  the 
one-celled  ovary  many-ovuled.  The  se^ds  of  Pandanfus  (the  Screw- 
Pine,  Fig.  140),  Ac  are  eatable.  From  the  young  leaves  of  Car- 
ludovica  the  famous  Panama  hats  are  bndded. 

930.  Ord.  TyphaeeS  (the  Cat'4ail  Family)  consists  of  two  genera; 
namely,  Typha  (the  Cat-tail),  and  Sparganium  (Bur-reed),  of  no 
important  use.  They  are  spadiceous  plants  with  excessively  re- 
duced flowers,  having  no  perianth.  * 

931.  Ord.  JraceS  {Arum  Family).  Herbs,  with  a  fleshy  conn  or 
rbizoma,  otlen  shrubby  or  climbing  plants  in  the  tropics ;  the  leaves 
sometimes  compound  or  divided,  commonly  netted-veined.  Flowers 
mostly  on  a  i^padix  (often  naked  at  the  extremity),  usually  surround- 
ed by  a  spathe  or  hood  (Fig.  313,  314).  Flowers  commonly  monoe- 
cious, and  destitute  of  envelopes,  or  with  a  single  peHanth.  Ovary 
one-  to  several-celled,  with  one  or  more  ovules.  Fruit  a  berry. 
Seeds  with  or  without  albumen.  —  Ex,  Arum,  Calla,  Symplocarpus 
(Skunk-Cabbage),  Orontium,  Acorus  (Sweet  Flag)  :  the  three  latter 
bear  flowers  furnished  with  a  perianth.  —  All  are  endowed  with  an- 
acrid  volatile  principle,  which  is  merely  pungent  and  aromatic  in 
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Sweet  Flag  (Acorus  Calamus),  but  extremely  sharp  in  Aram, 
Indian  Turnip^  &c*  The  acrid  principle  of  these  plants  is  ToIatUe, 
and  is  dissipated  by  heat  or  in  drying.  When  cooked,  their  finina- 
ceous  corms  are  eatable.  That  of  Taro  of  the  South  Sea  Islands, 
and  some  other  species  of  Colocasia,  are  important  articles  of  food. 
Symplocarpus  foetida  exhales  a  strong  odor,  very  like  that  of  the  | 

vt  Bit  '  mt 


skunk,  whence,  as  it  has  large  and  roundish  leaves  in  a  radical  clus- 
ter, it  is  called  Skunk  Cabbage.  The  roots  have  been  used  in  ipedi- 
cine  as  an  antispasmodic. 

932.  Ord.  LemnaetS  (Duckweed  Family)^  consisting  chiefly  of 
Lemna  (Duckweed  or  Water  Flax-seed)  ;  floating  plants,  with  their 
roots  (if  any)  arising  from  the  bottom  of  a  flat  frond,  and  hanging 
loose  in  the  water ;  their  flowers  produced  from  the  margin  of  the 
frond,  bursting  through  a  membranous  spathe ;  the  sterile,  of  one  or 


no.  1204.  Tooiig  leii;  awl  1206,  spatliM  Mid  flovMt,  of  BTmpkwuyiM  foetkU.  1206.  A 
■ep«ntte  flow«r  when  yoong.  1207.  A  detached  aeiwl  and  itamen  wen  Uom.  within  1206.  As 
eother  eeen  from  tiie  fironi.  1208.  The  fpediz  or  colleetiTe  head  in  fhiit ;  n  qaerter.Mctioo 
ranoTed,  showing  eeotlons  of  the  immeraed  seeds.  1210  A  seed  detached,  of  the  natoiel  ^m. 
1211.  Section  of  the  seed,  with  ita  large  glohular  enhrjro  and  plomole :  in  this  pknt  thtieil 
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two  stamens ;  the  fertile,  of  a  one-celled  ovary ;  in  fruit  a  utricte : 
tbey  are  a  kind  of  minute  and  greatly  reduced  Araceie,  cooiiecting 
that  Older  with  the  next 


I91f  1217  1911 

933.  Ord,  NaiadaceOB  {Pondweed  Family).  Water-plants,  with 
cellular  leaves,  and  sheathing  stipules  or  bases :  the  flowers  incon- 
spicuous, sometimes  perfect.  Perianth  simple  and  scale-like,  or 
none.  Stamens  definite.  Ovaries  solitary,  or  two  to  four  and  dis- 
tinct, one-deeded.  Albumen  none.  Embryo  straight  or  curved.  — 
Ex^  Potamogeton  (Pondweed),  Najas,  Ruppia,  2k>stera ;  the  two 
latter  in  salt  or  brackish  water. 

934.  Ord.  AlismaceflB  (Water-Plantain  Family).  Marsh  herbs, 
with  the  leaves  and  scapes  usually  arising  from  a  creeping  rhizoraa ; 
the  former  either  linear,  or  bearing  a  flat  limb,  which  is  ribbed  or 
nerved,  but  the  veinlets  commonly  reticulated.  Flowers  regular, 
perfect  or  polygamous,  mostly  in  racemes  or  panicles,  not  on  a  spa- 
dix.  Perianth  double,  the  three  petals  commonly  different  from  the 
sepals,  so  as  evidently  to  represent  a  calyx  and  a  corolla.  Seeds  soli- 
tary in  each  carpel  or  cell,  straight  or  curved,  destitute  of  albumen. 
—  Ex.  Alisma  (Water-Plantain),  Si^ttaria  (Arrowhead)  ;  belong- 
ing to  the  proper  Afisma  Family,  which  has  the  seed  (and  conse- 


FIO.  1212.  Wliole  plant  of  Lenma  nhior,  nMfntfled,  betrlng  a  »laininatt  mooandroiu  flmr- 
cr.  1218.  An  IndlTklnal  wtUi  a  diandxtms  perfect  floirer ;  which  at  1214  ts  Men  aeparatef  with 
iU  apathe,  highly  magntlled.  1215.  Flower  of  Lemna  gibba,  much  magnifled.  1216  Vertical 
highly  magnified  neetion  of  the  plutil  and  the  contained  orole  of  Lemna  minor  1217  Th» 
fruit,  and  1218,  its  Mction,  showing  the  aeed.  1219.  Section  thnmgh  the  highly  magnified 
feed  and  lazge  embryo. 
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quently  the  embryo)  curved  or  doubled  upon  itself.  TrigloeliiD  and 
Scheuchxeria  chieflj  constitute  the  suborder  Junoagui ejb  ;  where 
the  seed  and  embrjo  are  straight,  and  the  petals  (if  present)  are 
greenish  like  the  calyx.  Slightly  acrid  plants,  and  some  of  them 
astringent 


KM       ISM       t»        mr      ISO  un  ns 

935.  Ord.  BnlomaeeSt  represented  by  Butomus,  the  Flowering- 
Hush  of  Europe,  and  three  small  tropical  genera,  is  a  form  of  the 
last  with  many  ovules  attached  to  the  whole  face  of  the  carpels : 
these  are  separate  or  combined.     Some  have  a  milky  juice. 

936.  Ord.  HydroeharidaeeS  {Frog's-bit  Family)  consists  of  a  fe^*^ 
aquatic  herbs,  with  dioecious  pr  polygamous  regular  flowers  on  scapdr^ 
like  peduncles  from  a  spathe,  and  simple  or  double  floral  envelopes, 
which  in  the  fertile  flowers  are  united  in  a  tube,  and  adnate  to  the 
1  -  G-celled  ovary,  more  commonly  one-celled  with  tliree  parietal 
placenta.  Seeds  numerous,  without  albumen. — Ex.  Limnobium, 
Vallisneria,  Anacharis. 

937.  Ord.  OrehidaeeS  {Orchii  Family).  Herbs,  of  varied  aspect 
and  form ;  distinguished  from  the  other  orders  with  an  adnate  ovar}\ 
and  from  all  other  plants,  by  their  irregular  flowers,  with  a  perianth 


FIO  1220.  Raceme  or  wpilM  of  Trigkwhln  lAliMtrt.  1221.  Enlarged  flower.  1322.  A  petal 
and  stamen.  1S23.  The  club-ehaped  capanle.  1294.  A  magnified  seed,  exhibiting  the  rtiaplie 
and  ehalaau  13Q&.  Embryo  of  the  Mune.  1996.  Vertical  MCtlon  of  tiae  eame,  brioging  the 
plumule  to  Tiew.  1997.  Crow-eeetlon  (more  magnified)*  ahowinc  the  coiyiedea  wnpped 
aroDod  the  plumule. 

FIO.  192S.  Leaf,  and  1999,  flower,  of  Alinm  Plantago  1990.  More  enlarged  flower,  witii 
the  petali  removed.  1931.  Carpel,  with  the  OTary  dlrided,  ihowiog  the  doubled  «T«la.  19BB. 
Vertical  section  of  the  germinating  seed  of  Aliama  Damasoniiun ;  •,  the  eotyledea ;  *,  the  pla- 
mule ;  c,  the  protruding  radicle. 


Digitized  by 


Google 


ENPOOBNOUS   OR  UONOOOTTLEDOKOUS  PLANTS.  489i 

of  >&ix  parts';  their  ragle  fertile  8tiimen'(or  in  Cypnpedlvaa  their 
tw)Q  stamens)  ooh^rent  with  the  style  (compoaing  the  column)  ;  their 
poUen  usually  combined  into  two  or  more-  granular  or  waxy  masses 
ipoUinia)  ;    the   ovary  one^celled,  with  three  parietal  plaoent^p. 


covered  with  numerous  minute  seeds.  — Ex.  Orchis,  Cypripedium 
(Ladies'  Slipper),  Arethusa,  &c  In  the  tropics  many  are  Epiphytes 
(149,  Fig.  144).  Many  are  cultivated  for  their  beauty  and  singu- 
larity. The  tuberiferous  roots  are  often  filled  with  a  very  dense 
mucilaginous  or  glutinous  substance  (as  those  of  our  Aplectrum, 
thence  called  Putty-root).  Of  this  nature  is  the  SaUp  of  commerce, 
the  produce  of  some  unascertmned  species  of  Middle  Asia.  The 
fragrant  Vanilla  is  the  fleshy  fruit  of  Vanilla  planifolia  and  other 
tropical  American  species.  The  roote  of  Cypripedium  are  used  as 
a  substitute  for  Valerian. 

938.  Ord.  Zingiberaees  {Ginger  Family)  consists  of  some  mostly 
showy  tropical  aromatic  herbs,  the  nerves  of  their  leaves  diverging 

no.  1288.  Orohta  gpeetobilia :  a, »  icpftr**©  tower.  1284.  Oolamn  (somewhat  magiiiled), 
ftomwhiehtlMOihtr|Murteu«««itawi^:  ttw  two  anthwMlUvpMiInf  and  •bowing  UMpoUm* 
■MMUU  1285.  Magnified  pollan-aiaaa,  with  Us  italk.  128S.  Arothom  balboia.  1287.  Tba 
eolaron,  enlarged :  the  anther  terminal  and  opening  ligr  a  Ud.  1238.  Magnified  anther,  with 
itM  Ud  remored,  ihowhig  the  two  pollen-maMea  in  meh  celL 
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from  a  midrib ;  the  adnate  perianth  irregular  and  triple  (having  a' 
corolla  of  two  series  as  well  as  a  caljx)  ;  fertile  stamen  one,  on  the 
anterior  side  of  the  flower,  free ;  the  fruit  a  three-celled  capsule  or 
herrj ;  the  seeds  several :  with  the  embryo  in  a  little  sac  at  one 
extremity  of  the  farinaceous  albumen.  —  There  are,  in  fact,  six 
stamens  in  the  androecium^  the  three  exterior  petaloid  and  forming 
the  so-called  inner  oorbUa,  and^two  of  the  inner  verticel  are  sterile. 
^  —  Their  properties  and  economical  uses  are  well  represented  by  the 
pungent  aromatic  rootstock  of  Ginger  (Zingiber  officinale),  Galin-' 
gale  ( Alpinifi  Galaoga,  ^c.),  the  seeds  of  Cardamon,  &c.  The  same 
cordial  qualities  in  lesser  degree  exist  in  the  roots  of  Curcuma 
longa,  &C.  which  furnish  the  coloring  matter  called  Turmeric  ;  while 
other  species  yield  starch,  like  the  closely  allied 

939.  Ord.  CaiUiaceS  {Arrowroot  Family),  which  also  consists  of  trop- 
ical plants,  differs  from  the  preceding  chiefly  in  the  want  of  aroma, 
and  in  having  the  single  fertile  stamen  posterior,  with  a  one-celled 
anther.  —  Ex.  Maranta  arundinacea,  which  yields  the  Arrowroot  of 
the  West  Indies ;  the  tubers  of  which  are  filled  with  starch. 

940.  Ord.  Musaees  (Banana  Family).  Tropical  plants,  of  which 
the  Banana  and  Plantain  are  the  type;  distinguished  by  their 
simple  perianth  and  five  or  six  perfect  stamens.  The  fruit  is  an 
important  staple  of  food  in  the  tropics  ;  the  gigantic  leaves  are  used 
in  thatching ;  and  the  fibres  of  Musa  textilis  yield  Manilla  kemp^  as 
well  as  a  finer  fibre  fi*om  which  some  of  the  most  delicate  India  mus- 
lins are  made. 

941.  Ord.  BnnnanniftCeS  consists  of  small,  mostly  tropical,  annual 
herbs,  commonly  with  a  one-celled  ovary  and  three  parietal  placentas, 
(but  in  several  the  ovary  is  three-celled)  ;  differing  from  Orchidaceas 
ty  their  regular  flowers  with  three  stamens  ;  and  from  Iridaceae  by 
the  position  of  these  before  the  inner  divisions  of  the  perianth,  the 
introrse  anthers,  &c — Ex.  Burmannia  and  Apteria,  of  the  South- 
em  States. 

942.  Ord.  Iridaees  {Iris  Family).  Perennial  herbs ;  the  flower- 
stems  springing  from  bulbs,  conns,  or  rhizomas,  rarely  with  fibrous 
roots,  mostly  with  equitant  leaves.  Flowers  regular  or  irregular, 
showy,  often  springing  from  a  spathe.  Perianth  with  the  tube  ad- 
herent to  the  three-celled  ovary,  and  usually  elongated  above  it ;  the 
limb  six-parted,  in  two  series.  Stamens  three,  distinct  or  monadel* 
phous;  the  anthers  extrorse!  Stigmas  three,  dilated  or  petaloid! 
Seeds  with  hard  albumen.  —  Ex.  Iris,  Crocus*     The  rootstocksi. 
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corms,  &c  ccmtain  starch,  with  some  volatile  a^d  matter.    Those 
fit  Iris  cristata  are  verj  pungent ;  those  <^  L  yersicolor,  dec.  are 


drastic.  Orris-root  is  the  dried  rhizoma  of  Iris  florentina,  of  South- 
ern Europe.  The  true  Saffron  consists  of  the  dried  orange-colored 
stigmas  of  Crocus  sativus. 

943.  Ord.  AmiirjrIIidaeefB  {Amaryllis  Family).  Bulbous  plants 
(sometimes  with  fibrous  roots),  bearing  showj  fiowei*s  mostlj  on 
scapes.  Perianth  regular,  or  nearly  so ;  the  tube  adherent  to  the 
ovary,  and  often  produced  above  it,  six-parted.  Stamens  six,  dis- 
tinct, with  introrse  anthers.  Stigma  undivided  or  three-lobed. 
Fruit  a  three-celled  capsule  or  berry.  Seeds  with  fleshy  albumen. 
— Ex,  Amaryllis,  Narcissus,  Crinum,  &c ;  mostly  ornamental  plants. 
The  bulbs  acrid,  emetic,  &c. :  those  of  Hsemanthus  (with  whose  juice 
the  Hottentots  poison  their  arrows)  are  extremely  venomous.  The 
fermented  juice  of  Agave  is  the  intoxicating  Pulque  of  the  Mexicans. 
Hypoxys,  which  has  been  taken  as  the  type  of  an  order,  may  prop- 
erly be  referred  to  this  family. 

no.  1388.  Ills  cristata.  IMO.  TIm  ffammU  of  the  styte,  petalold  •tlgniM,  and  itaiMiM. 
1341.  Vertical  eectioD  of  the  oraiy  (the  equitant  leaTee  cut  away)  and  long  tabe  of  the  peri- 
anth. 1242.  Croee  aectfcmof  the  pod.  1243.  Seed.  1244.  Snlarsed  eection  of  the  nme,  ibow- 
Inff  fte  enbiyo,  fce. 
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944.  Old.  BfomdiaeeK  {Pine-AppU  I^omify)  oonsiaCt  of  American 
and  dbieflj  tropical  plants;  with  rigid  and  diy  duumeBed  leBves, 
often  with  a  scurfj  surface,  a  mostly  adnata  perianth  of  three  sepals 
and  three  petals,  and  six  or  more  stamens ;  the  seeds  with  mealj 
albumen. — £x.  Ananassa,  the  Pine-Apple ;  the  fine  fruit  of  which 
is  formed  bj  the  oonsoUdation  of  the  imperfect  flowers,  bracts,  and 
receptacle  into  a  succulent  mass.  TlUandsia,  the  Black  Moss  or 
Long  Moss  (which,  like  most  Bromelias,  grows  on  the  trunks  and 
branches  of  trees  in  the  warmer  and  humid  parts  of  America),  has 
the  ovary  free  from  the  perianth. 

945.  Ord.  Bsmodoraeec  (Bhodwart  Family)  is  composed  <^  peren- 
nial herbs,  with  fibrous  roots,  equitant  or  ensiform  leaves  $  which, 
with  the  stems  and  flowers,  are  commonlj  densely  clothed  with 
woolly  hairs  or  scurf.  Perianth  with  the  tube  either  nearly  free 
from,  or  commonly  adherent  to,  the  three-celled  ovary;  the  lunb 
six-clefl,  regular.  Stamens  six,  or  only  three,  with  inth>rse  anthers. 
Style  single,  the  stigma  standing  over  the  dissepiments  of  the  ovary. 
Embryo  in  cartilaginous  albumen.  —  Ex»  Lachnanthes  (Bed-Root), 
Lophiola.  —  Some  have  a  red  juice.  The  roots  are  astringent  and 
tonic,  especially  in  Aletris. 

946.  Ord.  DioteoreaceiB  (Tam  Family)  consisU  of  a  few  twining 
plants,  with  large  tuberous  roots  or  knotted  rootstocks ;  distinguished 
among  Endogens  by  their  ribbed  and  netted-veined  leaves,  with  dis- 
tinct petioles,  and  by  their  inconspicuous  dioecious  flowers,  with  the 
perianth  in  the  pistillate  flowers  adherent  to  the  ovary;  the  limb 
six-cleft  in  two  series.  Stamens  six.  Ovary  three-celled,  with  only 
one  or  two  ovules  in  each  cell :  styles  nearly  distinct  Fiiiit  often 
a  three-winged  capsule.  Albumen  cartilaginous.  —  Ex,  Dioscorea. 
The  tubers  of  one  or  or  more  species,  filled  with  starch  and  mucihige 
(but  more  or  less  acrid  until  cooked),  are  Tams^  an  important  article 
of  food  in  tropical  countries. 

947.  Ord.  Smilaces  (Smilax  Family)  is  also  remarkable  among 
£ndogens  for  netted-veined  leaves.  It  consists  both  of  herbs  and  of 
shrubby  plants  climbing  by  tendrils  ;  the  perianth  is  free  from  the 
Ovary ;  the  mostly  three  styles  or  sessile  stigmas  are  entirely  dis- 
tinct ;  the  anthers  are  introrse  ;  and  the  fruit  is  a  berry.  Embryo 
minute,  in  hard  albumen.  —  In  the  Thte  Smilax  Family^  the  flowers 
are  dioecious  and  axillary;  the  six  divisions  of  the  perianth  aM 
alike ;  the  anthers  are  one-celled,  and  the  few  seeds  are  orthotropoas 
and  pendulous.    They  are  mostly  shrubby  and  altemate-kavod 
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plants.  Em.  Smilax  (Greenbrier^  Ac.) ;  far  the  most  important 
species  is  S  officinalis  of  tropical  America,  the  rootstocks  of  which 
are  the  officinal  SarsapariUa. 

948.  Snbord.  TrilliaeeS  {Trittxum  Family)  consists  of  low 
herbs,  with  whorled  leaves  and  per- 
fect flowers,  which  in  the  largest 
genus,  TriUinm,  have  a  green  calyx 
and  a  colored  corolla;  the  anthers 
are  two-celled ;  th^  seeds  anatropous 
and  rather  numerous.  —  The  short 
rootstock  of  Trillium  (Fig.  169), 
called  Birthroatf  has  a  place  in  the 
popular  materia  medica  ;  but  it  is 
doubtful  if  it  really  possesses  any 
useful  properties.  "^ 

949.  Ord.  LiliaeeS  (Lify  t'amify).  Herbs, 
with  the  flower-stems  springing  from  bulbS| 
tubers,  or  with  fibrous  or  fascicled  roots. 
Leaves  simple,  sheathing  or  clasping  at  the 
base,  parallel-veined.  Flowers  regular,  per- 
fect Perianth  colored,  mostly  of  six  parts, 
or  six-cleft.     Stamens  six:  anthers  introrse.  *^ 

Ovary  fvee,  three-celled:  the  styles  united  into  one.  Fruit  capsular 
or  baccate,  with  several  or  numerous  seeds. in  each  cell.  Albumen 
fleshy. —^  This  large  and  widely  diffused  order  comprises  a  great 
variety  of  ibrms :  tlie  lily.  Dog-tooth  Violet^  and  Tulip  represent  one 
division;  the  Tuberose,  a  second;  the  Aloe  and  Tucca,  a  third; 
the  Hyacinth,  the  Onion,  Leek,  and  Oarlie  (Allium),  and  the  Aa*: 
phbdel,  a  fourth ;  the  Asparagus,  Lily  of  the  Valley,  and  Solomon^s 
Seal,  a  fifth,  which  is  nearly  idlied  to  the  order  Smilacea^  Acrid 
and  often  bitter  principles  prevail  in  the  order,  and  are  most  concen- 
trated in  the  bulbs,  ^bc,  which  abound  in  starchy  or  mucilaginous 
matter,  and  are  often  edible  when  cooked.  Squiik  are  the  bulbs  of 
Scilla  raaritima  of  the  South  of  Europe.  Aloes  is  the  acrid  and 
bitter  inspissated  juice  of  the  succulent  leaves  of  species  of  Aloe^ 
The  original  Jhrctgon^s-iiood  was  derived  from  the  juice  of  the  fa** 
mous  Dragoiw^ree  (Draosena  Draco)  of  the  East  —  The  leaves 
of  Phormium  tenax  yield  the  New   Zealand  hemp^  one  of  the 


no.  12i5     A  floww  of  TrnUom  tnetom ;  a  tnmt  Tl«ir.    1246.  A  diagram  of 
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strongest  vegetaUe  fibres  knowm    Many  are  the  ornaments  of  oar 
gardens  and  consenratories* 


1948  tM7 


950.  Ord.  lelanlliaees  {Colchicwn  Famify).  Herbs,  witb  bolbfl, 
corms,  or  fasciculated  roots.  Perianth  regular,  in  a  double  series ; 
the  sepals  and  petals  either  distinct,  or  united  below  into  a  tube. 
Stamens  six,  with  extrorse  anthers  (except  in  Tofieldia  and  Pleea)* 
Ovaiy  free,  three-celled,  several-seeded :  styles  distinct.  Albiunei, 
fleshy.    The  true  Melanthaceae,  or 

951.  Sabord.  Helanthta  have  a  mostly  septicidal  capsule  and  a 
maroescent  or  persistent  perianth.  —  JSx.  Colchicum  has  a  perisath 
with  a  long  tube,  arising  from  a  subterranean  ovary ;  it  is  also  re- 
markable for  flowering  in  the  autumn,  when  it  is  leafless,  ripening 
its  fruit  and  producing  its  leaves  the  following  spring.  In  most  of 
the  order,  the  leaves  of  the  perianth  are  unoombined ;  as  in  Vers* 
trum  (White  Hellebore),  Helonias,  &c  Acrid  and  drastic  poison- 
ous plants,  with  more  or  less  narcotic  qualities ;  chiefly  due  to  a 
peculiar  alkaloid  principle,  named  Veratrioy  which  is  largely  ex- 
no.  1S47.     Xrythronlom  AmericMnun  (Dog-tooth  Violet,  Adder^f-Coogoe)     1218.  Tb* 

talb.    1249.    PwlMiCli  kid  optn,  with  tha  atuaens.    1250.    TIm  PiftiL    1251.    CxiMMMtioft 

•fttM«i«Mlto. 
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traded  from  the  seeds  of  Sabadilla,  or  Cebadllla;  the  produce  of 
Scboenocaulon  officinale,  &c  of  the  Mexipaa  Andes*  The  seeds  and 
the  conns  of  Colchicum  are  used  in  medicine. 


952.  Snbord.  Uvularies  {BeUwort  Family)  has  a  few-seeded  loculi- 
cidal  capsule  or  beny,  more  or  less  united  styles,  and  a  deciduous 
perianth  ;  the  stems  from  rootstocks.  —  Ex.  Uvularia. 

953.  Ord.  JOBCaeeS  {Rwh  Family).  Herbaceous,  mostlj  grass- 
like plants,  often  leafless ;  the  small  glumaceous  flowers  in  clusters, 
cjrmes,  or  heads.  Perianth  mostly  dry,  greenish  or  brownish,  of  six 
leaves  (sepals  and  petals)  in  two  series.  Stamens  six,  or  three : 
anthers  introrse.  Ovary  free,  three-celled,  or  one-celled  from  the 
placenta  not  reaching  the  axis ;  their  styles  united  into  one ;  stig- 
mas three.  Capsule  three-valved,  few-  or  many-seeded.  Albumen 
fleshy.  —  Ex.  Juncus  (Rush). 

954.  Ord.  FoBtederiaeeiB  {Picherelweed  Family)  comprises  a  few 
aquatic  plants,  with  the  flowers,  either  solitary  or  spicate,  arising 
from  a  spathe  or  from  a  fissure  of  the  petiole;  the  six-clefl  and 
colored  perianth  persistent  and  withering,  oflen  adherent  to  the  base 
of  the  three-c^Ued  ovary ;  the  stamens  three,  and  inserted  on  the 

FTG.  1253.  Cotehlenm  Mttamnale ;  a  flow«rlng  plant.  1358  PerKoth  laid  open.  1SM« 
PfitU,  with  tbe  long  dirtlnot  stylas.  1255  Leafy  utem  and  frvAi  (oapMto  opening  by  Mptl- 
tidal  dehlacenoe).  125S.  Cafwale  di.idvi  tnauTerMiy.  1:^7.  Sectioa  of  a  feed,  and  a  wp- 
arate  embr/o. 
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throat  of  the  perianth,  or  six,  and  unequal  hi  situation.  Ovules ' 
anatr(^K>u9,iiumenHi8 ;  but  the  fruit  often  one-celled  and  one^seeded. 
— -Er.  Pontederia  (Pickerel*weed),  Heteranthera,  &c 

955.  Ord.  Commelynaees  {Spidenoort  Family)^  with  usually  sheath- 
ing leaves ;  distinguished  from  other  Endogens  (except  Alismaceas 
and  Trillium)  bj  the  manifest  distinction  between  the  caljx  and 
corolla;  the  former  of  three  herbaceous  sepals;  the  latter  of  as 
many  delicate  colored  petals.  Stamens  six,  or  fewer :  anthers  with 
two  separated  cells :  filaments  often  clothed  with  jomted  hairs, 
hypogynous.  Ovary  two-  or  three-celled:  styles  united  into  one- 
Capsule  few-seeded,  loculicidaL  Seeds  orthotropous.  Embryo 
small,  pulley-shaped,  partly  sunk  in  the  apex  of  the  albumen. — 
Ex,  Commelyna,  Tradescantia  (Spiderwort)     Mucilaginous  plants. 

956.  Ord.  lyridaees.  Low,  rush-like  plants ;  with  ensiform,  grassy 
or  filiform  radical  leaves,  sheathing  the  base  of  a  simple  scape, 
which  bears  a  head  of  flowers  at  the  apex,  imbricated  with  bracts. 
Calyx  of  three  glumaceous  sepals,  caducous.  Petals  three,  with 
claws,  more  or  less  united  into  a  monopetalous  tube.  Stamens  six, 
inserted  on  the  corolla ;  three  of  them  bearing  extrorse  anthers, 
the  others  mere  sterile  filaments.  Ovary  one-celled,  with  three 
parietal  placentxe,  or  three-celled;  styles  partly  united:  stigmas 
lobed.  Capsule  many-seeded.  Seeds  orthotropous,  albuminous.  -* 
Ex.  Xyris  (Yellow-eyed  Grass). 

957.  Ord.  Erioeaalonaees  (Pipewort  Family).  Aquatic  or  marsh 
herbs,  with  much  the  structure  of  the  preceding ;  their  leaves  cel- 
lular or  fleshy ;  their  minute  flowers  (monoecious  or  dioeeions) 
crowded,  along  with  scales  or  hairs,  into  a  very  compact  head  :  the 
corolla  less  petaloid  than  in  Xyridaceae ;  the  six  stamens  often  all 
perfect ;  the  ovules  and  seeds  solitary  in  each  celL  — Ex.  Eriocaulon. 

958.  Ord.  RestiftCeS  consists  of  South  African  and  Australian 
Bush-like  plants,  with  the  aspect  of  Cyperaoese,  but  with  one-celled 
anthers  and  orthotropous  seeds. 

959.  Ord.  CyperaeeiB  {Sedge  Family).  Stems  (culms)  usually 
solid,  ctespitose.  Sheaths  of  the  leaves  dosed.  Flowers  one  in  the 
axil  of  each  ^umaceous  bract.  Perianth  none,  or  a  few  bristle. 
Stamens  mostly  three,  hypogynous.  Styles  two  or  three,  more  or 
less  united.  Fruit  an  achenium.  Embryo  small,  at  the  extremity 
of  the  seed  next  the  hilum.  -^  Ex.  Cyperus,  Scirpus,  Carex  (Sedges). 
The  herbage  is  little  eaten  by  cattle.  Smne  Clubnishes  are  used 
for  making  mats,  chair-bottoms,  &c     The  papyrus  of  the  Egyptians 


Digitized  by 


Google 


END0GEX0U8  OR  MONOCOTYI.EDONOUS  PLAXTS. 


497 


was  made  from  the  stems  of  Cyperus  Papyrus.  The  tubers  of 
€.  esc^ulentus  are  sweet  and  edible,  but  are  too  small  to  be  of  much 
value  for  food. 


960.  Ord.  GramineiB  ( Gran  Family).  Stems  (culms)  cylindrical, 
mostly  hollow,  and  closed  at  the  nodes.  Sheaths  of  the  leaves  split 
or  open.  Flowers  in  little  spikelets,  consisting  of  two-ranked  imbri- 
cated bracts ;  of  which  the  exterior  are  called  glumes^  and  the  two 
that  immediately  enclose  each  flower,  palece.  Perianth  none,  or  in 
the  form  of  very  small  and  membranous  hypogynous  scales,  from 
one  to  three  in  number,  distinct  or  united  (termed  sqitamtday  sqtta^ 
meUa,  or  lodicuUe).  Stamens  commonly  three :  anthers  versatile. 
Styles  or  stigmas  two;  the  latter  feathery.  Fruit  a  caryopsis. 
Embryo  situated  on  the  outside  of  the  farinaceous  albumen,  next  the 

710.  12S8.  Sdrpus  trlqoeter,  with  ita  ehifter  of  spikelets.  1259.  A  separate  flovw,  en- 
Urged,  showing  its  mdlmentary  perianth  of  a  few  dentimlate  bristles,  Its  Uiree  stamens,  and 
pistil  with  a  three-cleft  style :  a,  section  of  the  seed,  showing  the  mlnnte  embryo.  12G0.  Ca. 
rex  Careyana,  reduced  in  Shte  (flowers  nunMScions,  the  two  kinds  in  dlflerent  spikes).  1261. 
Stem,  with  the  staminate  and  upper  pistillate  spike,  of  the  size  of  nature.  1262.  A  scale  of 
the  staminnte  spike,  with  the  flower  (consisting  merely  of  three  stamens)  in  its  axil.  1963. 
Mognlfled  pistillate  flower,  with  Its  scale  or  bract:  the  orary  enclosed  in  a  kind  of  sac  {ptrigji- 
mirm),  formed  by  the  nnion  of  two  bractlets.  1964.  Cross-section  of  the  pftrisynium;  with 
(he  pljttll,  />,  removod.    1^:35.    Vertical  sectkm  of  the  achenium,  showing  the  seed. 
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hilum  (Fig.  126-128,  622-624).  —  ^.  Agrostis,  Phleum,  Poa, 
Festuca,  which  are  the  principal  meadow  and  pasture  grasses :  Orj- 
za  (Rice),  Zea  (Maize),  Avena  (the  Oat),  Triticum  (Wheat),  Secale 
(Rye),  Hordeum  (Barley),  are  the  chief  cereal  plants,  cultivated  for 
their  farinaceous  seeds.  This  universally  diffused  order  is  one  of 
the  largest  of  the  vegetable  kingdom,  and  doubtless  the  most  impor- 
tant ;  the  floury  albumen  of  the  seeds  and  the  nutritious  herbage 
constituting  the  chief  support  of  man  and  the  herbivorous  animals. 
No  unwholesome  properties  are  known  in  the  family  except  in  the 
grain  of  Darnel,  which  is  deleterious.  Ergot,  or  Spurred  Rye,  is 
no  exception,  being  a  morbid  growth,  caused  by  a  parasitic  fungus. 
The  stems  of  grasses  frequently  contain  sugar  in  considerable  quan- 
tity (especially  when  they  are  solid) ;  as  in  Maize,  the  sweet  variety 
of  Sorghum  vulgare,  or  Broom-Corn,  and  in  Sugar-Cane  (Saccharom 
officinarum),  which  affords  the  principal  supply  of  this  article. 


19N  I'M 


FIQ.  1206.  One-flowerad  iplkctot  or  loeasta  of  Alopeearas,  with  the  glumfl*  sepanted. 
1367.  Same  with  Um  glum«  remored :  an  awn  on  the  bock  of  the  outer  pal«u  1268.  Ow- 
flowend  tpikelet  of  an  Agrostb.  1269.  Plsttl  of  a  Gcus,  showing  th«  two  feathery  ttigoMf, 
and  the  two  hypogynoof  scales  or  squamnl»,  larger  than  usual  (representiog  the  perianth). 
1S70.  Two-flowered  spikelet  of  an  Arena ;  with  the  glumes  spreading.  127L  One  of  the  flow- 
ers with  its  palesB ;  the  exterior  pointed,  with  two  bristles  or  co^ps  at  the  apex,  and  with  a 
bent  awn  on  the  back.  1372.  Many-flowered  spikelet  of  Qlyeeria  fluitans.  1278.  An  enlarged 
feparate  flower  of  the  same,  seen  from  within,  showing  the  inner  paleee,  fro.  1274.  The  fruit 
(caryopsis)  of  the  Wlieat,  with  an  oblique  section  through  the  integuments  of  the  eesbfyo, 
whkh  is  exterior  to  the  albumen.  1376.  Detached  magnified  embryo :  a,  the  imperfect  cotyle- 
don ;  6,  the  first  leaf  of  the  plumule ;  e,  the  second  leaf  of  the  plumule ;  </,  the  radicle.  1276i 
The  caryopsis  of  Hordeum  (Barley).  1377.  A  cross  ecctton.  1278.  A  vertical  section,  show- 
ing the  external  embryo  at  the  base.  1379.  Siagnifled  detached  embryo,  with  Ita  broad  co^le- 
don  and  the  plumule.  12S0.  More  magnified  vertical  section  of  the  same :  a,  the  plumuk ;  ^ 
the  radicle. 
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Series  IL    Crtptooamous  or  Flowerlkss  Plants. 

Plants  destitute  of  proper  fbwers  (stamens  and  pistils),  and 
propagated  by  spores  instead  of  seeds. 

Class  in.    AcROGENOus  Plants.* 


Vegetables  with  a  distinct  axis,  growing  from  the  apex,  with  no 
provision  for  subsequent  increase  in  diameter  (containing  woody  and 
vascular  tissue),  and  usually  with  distinct  foliage. 

961.  Ord.  Eqnisetaeett  (Bonetail  Family).  Leafless  plants ;  with 
striated,     jointed,     simple      or  u,,  ,^ 

branched  stems  (containing  ducts 
and  some  spiral  vessels),  which 
are  hollow  and  closed  at  the 
joints  ;  each  joint  terminating  in 
a  toothed  sheatli,  which  surrounds 
the  base  of  the  one  above  it.  In- 
florescence consisting  of  peltate 
scales  crowded  in  a  terminal 
spike,  or  kind  of  strobile :  each 
with  several  thecte  attached  to  its 
lower  surface,  longitudinally  de- 
hiscent. Spores  numerous,  with 
four  elastic  club-shaped  bodies 
(of  unknown  use),  wrapped 
around  them  when  moist,  or 
spreading  when  dry. — Ex.  Equi- 
setum.  The  epidermis  of  Equi- 
setum  hyemale  (the  well-knoMm 
Scouring  Rush)  contains  so  much 
silex  that  it  is  used  for  polishing. 


•  For  illustrations  of  Classes  III.  mod  IV.  see  tiie  phUes  of  Mumul  cf  lAs 

Bolan^  of  the  Northern  United  States, 

FIO.  198L  Snmmitcf  the  ttem  of  BqolMtom  tjlrtMenm.  12SI.  Psrtof  UmaxI* of  Um 
fhictlfieftUon,  with  maidof  thefindt-bearing  organs,  ahoini  msgnWod  In  Fig.  1288t  *  ^^  tkom 
«iMleni««th.  1284.  A  svpante  thecOy  or  tporB-esM,  noc*  msgninad,  ISSS*  1286.  SpoNS,  with 
the  dah-shaped  appendaffef  moM  msgnlfliL 
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962.  Ord.  Filieei  (Fefiu).  Leafy  plants  ;  with  the  leaves  {fnmdt) 
spirally  rolled  up  or  oircioato  inyeniatioii  (except  in  one  suborder), 
usually  rising  from  prostrate  or  subterranean  rootstocks,  or  in  tree- 
Terns  fit>m  an  ^rect  arborescent  trunk  (Fig,  100),  and  beanng  on 
the  yeins  of  their  lower  surfaoey  or  abng  the  margins,  the  simpto 
fiuctificationy  which  consists  of  one-celled  spore-cases  {theca  or  tpO" 
rangia),  opening  in  yarious  ways,  and  discharging  the  numerous 


minute  spores.    The  stalk  or  petiole  of  the  firood  is  temied  a  sUpe^ 
—  There  are  four  principal  suborders,  viz. : — 

Fia  1287.  Ctrnptotonu  riiiiophynas  (Wftlki^  Ven);  th«  tnatiM  footbig,  m  tb^fi^ 
qoently  do,  at  Um  apm ;  tha  lorl  ooeupjring  th«  reUcnlatod  tbUu  oa  Um  l»ck.  1S88.  IXtUm 
(pinoala)  of  a  frond  of  Aapidinm  Qoldiaoiun ;  Vtm  itmndbh  Mri  attMbod  to  the  rimpte  tciniv 
and  oorerad  with  an  Indiwloni,  which  It  fuUnnA  ia  tha  eantrt,  and  optna  aU  aioaad  tb»  bmT' 
gin.  128d.  Magnif  dd  aporanglmn  of  thia  diridon  of  Ferns,  with  iti  atalk,  and  elaatie  rinf 
partlj  sorroonding  It ;  which,  tending  to  itralghten  itself  when  dry,  tears  open  the  sponnglam, 
itaBddfai9tbaBfanil»ap«m(lW».  mi.8ehlaMpasUla«fabo«ttheBatiinasla^wi«hsiaipls 
and  slender  ladioal  teaTcs ;  the  contneted  fcrtlle  fhmd  pinnate.  1992.  A  dlTlskm  (plans)  of 
the  fertile  frond,  magnlfled,  showing  the  sessile  sporangia  oecnpylng  Its  lower  snrflMe.  1293. 
OneofthetpofaDgiamere-magniaedf  theyhMvao  propcritag,  and  open  by  a  longltaAost 
eWt  1294.  Ophio^oastun  Tnlgakin  ( AdderVtongne) ;  the  sporsiigk  famdng  a  twiMsaksd 
•pike  on  a  translbnBed^uid  eootneted  frond :  a,  portioD  of  the  spike  entatfvsdyShowlBff  ths  e»> 
riaoeoQs  sporangia,  destitute  of  a  ring,  and  opening  traosvwMljr. 
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%3.  SoUri  tAjfMnm*  Sporangia  collected  in  dots,  lines,  or 
TarioudljT  shaped  clusters  (9or%  <}r /rmt-^iaU)  on  the  back  or  margins' 
ef  the  frond  or  its  divisions,  or  rarelj  covering  the  ^hole  surface, 
stalked,  cellukr-reticulated,  the  stalk  runiung  into  a  veitieal  incom- 
plete ring,  which  bj  straigfateaii^  at  maturity  ruptures  the  sporan- 
gium transversely  on  the  inner  side,  dischaigtng  the  spor^.  Fruit- 
dots  oflen  covered,  Bi  least  when  young,  by  a  men^inrane  called  the 
involucre^  or  more  properly  the  indusiunu 

964.  jabord.  BfrnenoplljUes.  Sporangia  borne  on  a  vein  extended 
beyond  the  margin  of  the  frond  into  a  setiform  receptacle,  sessile,  and 
surrounded  by  a  horizontal  complete  ring ;  otherwise  as  in  the  last 
->— i^  Hymenophyllum,  Trichomajies.  Ferns  9f  very  delicate 
texture,  chiefly  tropicaL     * 

965.  Saboid.  OunnniBfiCtB.     %K>rBngia  variously  collected,  cellular- 
reticulated,  destitute  of  any  ring  (as  in  Osmunda  or  Flowering 
Fern),  or  wiUi  an  imperfect  trans-  10, 
verse  ring  around  the  top  (as   in 
Schizo^a,     Fig.     1293),     opening 
lengthwise  by  a  regular  slit. 

966.  SabOfd.  Ophioglosiev.  Spo- 
rangia spiked,  closely  sessile,  naked, 
coriaceous  and  opaque,  not  reticu- 
lated, destitute  of  a  ring,  opeidng 
by  a  transverse  slit  into  two  valves, 
discharging  the  very  copious  spores 
which  appear  like  floury  dust. 
Fronds  straight,  never  rolled  up  (or 
circinate)  in  the  bud !' 

967.  Ord,  lycopodlaceir  (Cluh-Moss 

Family),  Plants  with  creeping  or 
erect  leafy  stems,  mostly  branching ; 
the  crowded  leaves  lanceolate  or 
subulate,  one-nerved.  Sporangia 
single  and  sessile  in  the  axils  of 
the  leaves,  sometimes  all  crowded 
at  the  summit  under  leaves  whidi  are  changed  into  bracts  and  form 


■ne.  IS86.  Lyeopodiai  OawrftoiMmm,  of  tlw  ntftawl  ■!».  1998L  AImT  from  the  tpllw  «f 
ftorrtflfmtioo,  wUh  the  tpora-cMe'ln  Ito  axH,  end  epoiee  fldlfaig  oat.  12S7.  A  group  of  Ibcur 
larger  sporBe(otfphoridie)  of  SelngineHa^megnlSed.  1298.  The  aBiiie,8epeieted.  1299.  Aborat 
•pore-esM  of  SeleglneUA  apiu,  with  ite  fDor  large  spocee. 
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a  kii^d  of  ament,  one-celled,  or  rarelj  two-  to  three-celled,  deliisoeiit, 
containing  either  minute  grains,  appearing  like  fine  powder,  or  a  few 
rather  large  sporules  ;  both  kinds  often  iband  in  the  mne  plant — 
Bx,  Lycopodiam  (Club-Moss,  Ground  Pine),  Selaginella. — Append- 
ed to  this  family,  rather  than  to  the  next  (with  whidi  it  has  gnier* 
ally  been  associated),  is  the  i 

968.  Snbord.  IloeUBeK  {QtiiUwort  Family)^  consisting  of  a  few) 
acaulescent  submersed  aquatics,  with  their  sporangia  in  the  axils 
and  immersed  in  the  inflated  base  of  the  grassy  subulate  leaves.  — 
Ex,  Iso^tes. 

969.  Ord.  HydroptfrideL  Aquatic  or  marshy  cryptogamous  plants, 
of  diverse  habit,  with  the  fructification  borne  at  the  bases  of  the 
leaves,  or  on  submerged  branches :  this  consists  of  two  sorts  of  or- 
gans, contmned  in  indehiscent  or  irregularly  bursting  involucres 
{tparocarps).    It  comprises  the 

970.  Sabord.  Hanllaeec  {Pepperwort  Family) ;  with creefnng stems; 
the  leaves  long-stalked,  circinate  in  vernation,  and  of  four  obcordate 
leaflets  in  Marsilea,  or  filiform  and  destitute  of  leaflets  in  Pilularia 
(the  Pillwort). 

971.  Snbord.  SalTinies ;  which  are  free  ^oating  plants,  with  alter- 
nate and  sometimes  imbricated  sessile  leaves  ;  the  fructification 
borne  on  the  stem  or  branches  underneath.  —  Ex,  Salvinia,  AzoUa. 
(For  illustrations,  see  Manual  of  Botanyj  Plate  14.) 

Class  rV.    Anophttes. 

Vegetables  composed  of  parenchyma  alone,  with  acrogenons 
growth,  usually  with  distinct  foliage,  sometimes  the  stem  and  foliage 
confluent  into  a  frond. 

972.  Ord.  lusei  {Mosses) *  Low,  tufled  plants,  always  with  a  stem 
and  distinct  (sessile)  leaves,  producing  spore-cases  which  mostly 
open  by  a  terminal  lid,  and  contain  innumerable  simple  spores.  The 
fertilizing  organs,  or  antheridia,  have  been  elsewhere  mentioned.  In 
Mosses  these  accompany  the  pisUllidia ;  the  latter  develop  into  the 
capsule,  or  more  properly  the  sporangium  or  spore-case.  This  is 
rarely  (in  Andrsea)  dehiscent  into  four  valves,  or  irregularly  rup- 
tured (in  Phascum,  &c).  It  usually  opens  by  a  Hd  (operculum) : 
beneath  the  lid  and  arising  from  the  mouth  of  the  capsule  are  com- 
monly either  one  or  two  rows  of  rigid  processes  (collectively  the 
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pertiiame),  which  are  always  some  multiple  of  four :  those  of  the 
outer  row  are  called  teeth,  of  the  inner,  cilia.  The  spores  which  fill 
the  cavity  cmnmonly  appear  like  an  impalpable  greenish  powder. 
The  pedicel  continued  through  the  capsule  forms  the  columella :  en- 
larged under  the  capsule  it  sometimes  forms  an  apopht^is.     The 


calyptra  separating  early  at  its  base  is  carried  up  on  the  apex  of  the 
capsule ;  if  it  splits  on  one  side,  it  is  hood-shaped  or  cuculliform,  if 
not,  it  is  mitrc-shaped  or  mitriform.  The  particular  structure  of  all 
our  genera  of  Mosses,  and  of  the  following  order,  is  illustrated  in 
the  plates  of  the  Manual  of  the  Botany  of  the  Northern  United 
States  ;  to  which  the  student  is  referred  for  details. 

973.  Ord.  HepatieB  {^Liverworts).  Frondose  or  Moss-like  plants, 
of  a  loose  cellular  texture,  usually  procumbent  and  emitting  rootlets 
from  beneath ;  the  calyptra  not  6epai*ating  from  the  base,  but  usually 
rupturing  at  the  apex ;  the  sporangium  or  capsule  not  opening  by  a 

FIO.  1300.  Molnm  eatpMatiim.  1801.  The  ealyptis  deteelied  ftom  the  wfon-tam.  190S. 
Magnified  tpox9<«n,  fhwi  which  U»  lid  or  opmrculom,  1308,  hu  been  rraiored,  Rhowing  the 
peristome.  1304.  A  porUon  of  Uie  annalat  or  ring  under  the  lid,  more  magnified.  13U&.  A 
portion  of  the  outer  and  inner  peristome^  highly  magnified.  1806.  The  lo-called  flowers  in  a 
young  state,  consisUng  of  the  pistilUdia  9 ,  and  the  antheridia  (f ,  with  some  cellalar  Jointifd! 
threads  intermixed ;  the  inrolucral  leares  cnt  away.  1307.  Otie  of  the  antheridia  more  magni- 
fied (wtth  some  accompanying  cellular  threads),  opening  at  the  apex,  and  discharging  the  con- 
tenti.  1308.  Simple  peristome  of  Splachnum  ;  the  teeth  united  In  pairs.  1309.  Doable  peris- 
tome of  Ilypnum  ;  the  exterior  spreading  1310.  Phyacomltrium  (Oymnodtomum)  pyriforme. 
1311.  lu  calyptra,  detached  fh)m,  1312,  the  theca.  1318.  The  lid  remo?ed  from  the  orifloe, 
whidi  is  desUtute  of  a  peristome. 
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lid,  containing  spores  usually  mixed  with  elaters  (which  are  thin, 
thread-like  celLs^  containing  one  or  two  spiral  fibres,  uncoiling  elas- 
tically  at  maturity).  Vegetation  sometimes  frondozt^  L  e.  the  stem 
and  leaves  confluent  into  an  expanded  leaf-like  mass ;  sometimes 
foliaceous^  when  the  leaves  are  distinct  fibm  the  stem,  as  in  true 
Mosses :  the  leaves  are  entire  or  cleft,  two-ranked,  and  often  with  an 
imperfect  or  rudimentary  row  {amphigashia)  on  the  under  side  of  the 
stem.  The  matured  pistiUidium  forms  the  sporangium  or  capsule, 
which  is  either  sessile  or  borne  on  a  long  cellular  pedicel,  and  de- 
hiscent by  irregular  openings,  by  teeth  at  its  apex,  or  lengthwise  by 
two  or  four  valves.  The  perianth  is  a  tabular  organ  enclosing 
the  caLyptrOy  which  directly  includes  the  pistiUidium.  Surrounding 
the  perianth  are  involucral  leaves  of  particular  forms.  The  an* 
theridia  in  the  foliaceous  species  are  situated  in  the  axils  of  peri- 
gonial  leaves. 

974.  Snbord.  Bieciaees  consists  of  a  few  chiefly  floating  plants,  root- 
ing from  beneath,  with  their  fructification  inunersed  in  the  frond,  the 
sporangium  bursting  irregularly.  No  involucre  nor  elaters. — Ex. 
Biccia. 


ISM 


975.  Sabord.  AnthoceroteS.  Terrestrial  frondose  annuals,  with  the 
fruit  protruded  from  the  upper  surface  of  the  frond.  Perianth  none. 
Sporangium  pod-like,  one-  or  two-valved,  with  a  free  central  colu- 
mella.    Elaters  none  or  imperfect. 

976.  Snbord.  HarchantlaeeB  (  True  LiverwcrU).  Frondose  and  ter- 
restrial perennials,  growing  in  wet  places,  with  the  fertile  receptacle 
raised  on  a  peduncle,  capitate  or  radiate,  bearing  pendent  calyptrate 

FIG.  1314, 1316.  RIecU  oatuu,  about  the  luUonl  sIm.  1816.  MagnUM  M«Ckm  tfaroofh 
1h«  UilckneM  of  the  ftond,  showing  the  Iromened  ipormngla ;  one  of  which  ha*  bunt  thraiifli 
«nd  left  an  effete  carlty.  1317.  Magnified  rertical  eeetion  of  one  of  the  sporangia,  with  tbe 
•contained  9pote«.  1818.  Sporangium  torn  awi^^  fhwn  Uie  baae,  and  a  qnatemaiy  group  of 
apoTM,  united  and  separated. 
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sporangia  from  the  under  side :  these  open  yariouslj,  but  are  not 
ibur-valved.    Elaters  with  two  spiral  fibres. 


977.  Sobord.  Jnngermaniliaees.  Frondose  or  mostly  foliaceous 
plants ;  with  the  sporangium  dehiscent  into  four  valves,  and  the 
spores  mixed  with  elaters. 


Class  V.    Thallophttes. 

Vegetables  composed  of  parenchyma  alone,  forming  a  mass  or 
stratum  {thalius,  109,  727),  or  consisting  of  a  congeries  of  cells,  or 
even  of  separate  cells,  never  exhibiting  a  marked  distinction  into 
root,  stem,  and  foliage,  or  into  axis  and  leaves. 

978.  Ordi  licbenei  (Liclieng)  form  the  highest  grade  of  this  lower 
series.  They  consist  of  flat  expansions,  which  are  rather  crustaceous 
than  foliaceous  ;  while  some  are  nearly  pulverulent.  In  several  the 
vegetation  rises  into  a  kind  of  axis,  or  imitates  stems  and  branches ;  as 
in  the  Cladonia  coccinea,  which  abounds  on  old  logs  (Fig.  1327) ;  or 
in  Cladonia  rangiferina,  the  Reindeer  Moss ;  also  in  Usnea,  where 
it  forms  long,  gray  tufts,  hanging  from  the  boughs  of  old  trees  in  our 
Northern  forests.  Lichens  are  never  aquatic,  but  grow  on  the  ground, 
on  the  bark  of  trees,  or  on  exposed  rocks,  to  which  the  proper  rock- 
Lichens  adhere  by  their  lower  surface,  with  great  tenacity,  while  by 


FIG.  1819.  Steetzia  Lyelltl,  with  the  yoang  iVnetlflefttlon  sttU  Included  In  the  tabnlar  peri- 
anth. 1820.  DehlsceDt  sporangium  of  a  Jungermannia,  on  Its  fruit-Atalk,  with  aome  of  the 
leaTM  at  its  hue,  magnified  enough  to  exhibit  Ita  eellulsr  atmeture.  1321.  Two  elaters  from 
the  same  (a,  in  an  entire  state  ;  &,  with  only  the  thraadi  ramaioiug),  and  some  spox«s,  highly 
maguifled. 
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the  upper  they  draw  their  nourishiDent  directly  from  the  air.  The 
fructification  is  in  cups,  or  shields  (apathecta),  resting  on  the  surfiwe 
of  the  thallus,  or  more  or  less  immersed  in  its  suhstance,  or  eUe  in 
pulverulent  spots  scattered  over  the  surface.  A  magnified  seetion 
tlu*ough  an  apothecium  (Fig.  1324)  brings  to  view  a  stratum  of 
elongated  sacs  (asei)^  with  filaments  intermixed,  as  seen  detadied 
and  highly  magpified  at  Fig.  1825.  Eadi  ascus,  or  sac,  contains  a 
few  spores :  these  divide  into  two,  which,  however,  generally  remain 


VI 


coherent  For  a  description  of  the  Lichens  of  thb  ooantry,  the 
student  is  referred  to  Professor  Tuckerman's  Synopsis  of  the  Ja- 
chenes  of  New  England^  the  other  Northern  StaieSy  S^c,  and  to  hii 
Lichenes  Amer.  Sept,  Exsiccati^  illustrating  them  by  named  speci- 
mens. 

FIO.  1822.  A  ttone  upon  which  w?«nd  liehsns  m  growlnf ,  nieh  m  (puiiof  fton  kit  to 
right)  Parmelia  conspem,  SticU  miniate,  LecidM  geognphiea  (m  eallad  from  Ita  patchei  iv 
Minbling  the  oatlixw  of  IslMida,  &o.  on  maps),  &e.,  fto  1228.  Piece  of  the  thallus  of  Panne- 
lln  eontpem,  with  a  section  thnragh  an  apotlMcium.  1324.  Section  of  a  smaller  apothecinn, 
more  magnified.  1325.  Two  esri  and  their  contained  spores,  with  the  aoeompaaying  fltamMoti, 
highly  msgnlfied.  1826.  Seetion  of  a  piece  of  the  thanus  of  Stiete  miniata,  showing  the  in- 
meraed  apothecla.  1327.  Cladonia  coocioea,  1>earing  ilA  fhictifleaUoa  in  rounded  red  i 
on  the  edges  of  a  ralMd  cup. 
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979.  Ord.  Fongi  {Mwhroomi,  MaM$y  Src.)  are  parasitic  (150, 153) 
flowerless  plants,  either  in  a  strict  sense,  as  living  upon  and  draw- 
ing their  nourishment  from  living,  though  more  commonly  langubh- 
ing,  plants  and  animals,  or  else  as  appropriating  the  organized  mat- 
ter of  dead  and  decaying  animal  and  vegetable  bodies.  Hence  they 
fulfil  an  office  in  the  economy  of  cr^tion  analogous  to  that  of  tlie 
infusory  animalcules.  Those  Fungi  which  produce  Rust,  Smut, 
Mildew,  &c  are  of  the  first  kind ;  those  which  produce  Diy-rot,  &c 
hold  a  somewhat  intermediate  place;  and  Mushrooms,  Puff-balls, 
&c.  are  examples  of  the  second.  Fungi  are  consequently  not  only 
destitute  of  anything  like  foliage,  but  also  of  the  green  matter,  or 
chlorophyll,  which  appears  to  play  an  essential  part  in  vegetable 
assimilation.  A  full  account  of  the  diversified  modifications  of  struc- 
ture that  Fungi  display,  and  of  the  remarkable  points  in  their 
economy,  would  require  a  large  volume.  We  will  notice  three  sorts 
only,  which  may  represent  the  highest,  and  nearly  the  lowest,  forms 
of  this  vast  order  or  class  of  plants.  They  all  begin  (in  germina- 
tion or  by  offsets)  with  the  production  of  copious  filamentous  threads, 
or  series  of  attenuated  cells,  appearing  like  the  roots  of  the  fungus 
that  arises  from  them  (Fig.  1328,  1330),  and  to  a  certain  extent 
performing  the  functions  of  roots :  this  is  called  the  mycelium,  and 
is  the  true  vegetation  of  Fungi.  The  subsequent  developments 
properly  belong  to  the  fructification,  or  are  analogous  to  tubers, 
rhiasomas,  &c  In  one  part  of  the  order,  the  masses  that  arise,  of 
yarious  definite  shapes,  and  oflen  attaining  a  large  size,  contain  in 
their  interior  a  multitude  of  a$ci  (Fig.  1329),  enclosing  simple  or 
double  sporules,  just  as  in  Lichens.  The  esculent  Morel  has  this 
kind  of  fructification  ;  as  well  as  the  less  conspicuous  Sphseria  (Fig. 
1328),  which  is  in  other  respects  of  a  lower  grade.  The  Agarics, 
like  the  Edible  Mushroom  (Fig.  1330),  produce  their  spores  in  a 
different  way.  Bounded  tubercles  appear  on  the  mycelium  ;  some 
of  these  rapidly  enlarge,  burst  an  outer  covering  which  is  lefl  at  the 
base  (the  ro&ro,  or  wrapper),  and  protrude  a  thick  stalk  {stipes), 
bearing  at  its  summit  a  rounded  body  that  soon  expands  into  the 
pileuSy  or  cap.  The  lametUxj  or  giUs  (hymenium),  that  occupy  its 
lower  surface,  consist  of  parallel  plates  (Fig.  1331),  which  bear 
naked  sporules  over  their  whole  surface.  A  careful  inspection  with 
the  microscope  shows  that  these  sporules  are  grouped  in  fours  ;  and 
a  view  of  a  section  of  one  of  the  gills  shows  their  true  origin  (Fig. 
1332).     Certain  of  the  cells  (basidia),  one  of  which  b  shown  more 
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magnified  at  Fig.  1333,  produce  four  small  oelk  at  their  free  sam- 
mit,  apparently  hj  gemmation  and  constricticm :  these  are  the  sporen. 
It  is  maintained  that  the  larger  intermingled  cells,  (of  whidi  one  is 
shown  at  Fig.  1332,  a,)  filled  with  an  attenuated  form  of  matter,  are 
the  analogues  of  antheridia.  The  lowest  Fungi  produce  from  their 
mycelium  only  simple  or  branching  series  of  cells  (Fig.  92-94). 
The  mycelium  itself  either  ramifies  through  decaying  organized 
matter,  as  the  Moulds,  &c ;  or  else — like  the  Blight  and  Bust  in 
grain,  and  the  Muscardine  so  destructive  to  silkworms,  and  others 


so  destructive  to  the  Grape,  the  Potato,  &c. — it  attacks  and  spreads 
throughout  living  tissues,  often  producing  great  havoc  before  its 
fructification  is  revealed  at  the  surface.  Sometimes  the  last  cells  of 
the  stalks  swell  into  a  vesicle,  in  which  the  minute  sporules  are 
formed ;  as  in  Fig.  92.  Sometimes  the  branching  stalks  bear  single 
sporules,  like  a  bunch  of  grapes  (Fig.  94),  or  long  series  of  Tcells,  or 

Fia.  1828.  SphttrUxoMllft.  18291  A«d  fhmi  ito  Interior,  eoatalslng  iponilM,  hlghlr  >»«- 
uifled.  1380.  Aguriciu  oampestrls,  the  Bdible  moshroom,  In  Ite  Turloai  sCagat.  188L  Seetfca 
through  the  pIleiM,  to  dlsplaj  the  gfUa.  1883.  A  amftll  phot  Of  n  rileo  throDgh  Uiotlilck- 
new  of  one  of  the  gflto,  mftfnifled  \  showing  the  tpor»  bonie  on  tlMffunmit  of  Mllsni  erik 
of  both  rarfikoee.  1838.  One  of  the  spornle-bearlng  oells,  with  eome  sut^jeoent  tteoe,  oMce 
nagnifled. 
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spornle?,  in  rows,  Kke  the  beads  of  a  necklace  (Fig.  93),  which, 
separating,  become  the  rudiments  of  new  plants. 

980.  Ord.  AlgV  {Seanaeeds).  This  vast  order  consists  of  aquatic 
plants,  for  the  most  part  strictlj  so,  but  some  grow  in  humid  ter- 
restrial situations.  The  highest  forms  are  the  proper  Seaweeds 
(  Wracky  Tang,  Dulse,  Tangle,  &o.) ;  **  some  of  which  have  stems  ex- 
ceeding in  length  (although  not  in  diameter)  the  trunks  of  the  tallest 
forest-trees,  while  others  have  leaves  (fronds)  which  rival  in  expan- 
sion those  of  the  Palm."  ^Others  again  are  so  minute  as  to  be 
wholly  invisible,  except  in  masses,  to  the  naked  eye,  and  require  the 
highest  powers  of  our  microscopes  to  ascertain  their  form  and  struc- 
ture." Some  have  the  distinction  of  stems  and  fronds ;  others  show 
simple  or  branching  solid  stems  only ;  and  others  flat  foliaceous  ex- 
pansions alone  (Fig.  95),  either  green,  olive,  or  rose-red  in  hue. 
From  these  we  descend  by  successive  gradations  to  simple  or 
branching  series  of  cells  placed  end  to  end,  such  as  the  green  Con- 
fervas of  our  pools,  and  many  marine  forms :  we  meet  with  congeries 
of  such  cells  capable  c£  spontaneous  disarticulation,  each  joint  of 
which  becomes  a  new  jdant,  so  that  the  organs  of  vegetation  and  of 
fructification  become  at  length  perfectly  identical,  both  reduced  to 
mere  cells ;  and  finally,  as  the  last  and  lowest  term  of  possible  vege- 
tation, we  have  the  plant  reduced  to  a  single  cell,  giving  rise  to  new 
ones  in  its  interior,  each  of  which  becomes  an  independent  plant 
(Fig.  79-83,  18-22).  Our  Alg«  should  be  studied  by  the  aid  of 
the  admirable  Nereis  BoreaU^Americtma,  or  History  of  the  Marine 
Alga  of  North  America,  by  Professor  Harvey,  published  by  the 
Smithsonian  Institution.  For  the  fresh-water  species  we  have  no 
American  work.  The  main  divisions  of  Algse  are  into  the  following 
suborders. 

981.  Sobord.  MdanoipemieS,  or  Fneaene,  the  Oiive-green  Seaweeds; 
having  dark-colored  spores  and  generally  an  olive-green  color,  such 
as  the  common  Rockweed,  GuHweed,  &c  The  fertilization  of  these 
spores  has  already  been  described  (661). 

982.  Sobord.  IhodOBpermeff ,  or  Florides,  the  Rose^ed  Seaweeds,  so 
called  from  their  prevailing  color.  These,  the  most  beautiful  of 
Algje  (including  the  Dulse,  Laver,  &c)  have  two  kinds  of  spores ; 
one  large,  simple,  and  superficial ;  the  others  dispersed  through  the 
interior  of  the  frond,  and  formed  four  together  in  a  mother  cell. 

983.  Sabord.  Chlorospermeie,  the  Bright-green  Alga,  the  spores  and 
the  vegetation  of  which  are  generally  of  a  lively  green  hue,  are  mor^ 
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simple  m  structure,  and  include  the  firesh-water  kinds  generallj,  as 
well  as  numerous  marine  species ;  among  them  those  of  single  rows  of 
ceUs,  or  of  single  cells  (100  - 105,  656  -  660).  Some  of  these  fhic- 
tify  by  conjugation  (655-657),  as  is  the  case  in  those  simplified 
forms  which  compose  the 

984.  SobonL  DesmidiaeeCt  which  are  microscopic  and  iniusorj  green 
Algae  of  single  cells  (Fig.  100,  655),  often  of  crystal-like  forms,  in- 
vested with  mucus,  and  belonging  to  fresh  water.    They  multiply 
largely  by  division,  but  strictly  propagate  only  by  conjugation.     Many 
of  them  have  long  been  claimed  for  the  animal  kingdom,  or  es- 
teemed of  ambiguous  nature,  on  account  of  the  free  movements 
they  exhibit ;  but  this  afibrds  no  real  distinc- 
tion. (Chap.  XII.,  Xin.)    More  ambiguous 
still,  and  on  the  lowest  confines  of  the  vegeta- 
ble kingdom,  are  those  minute  vegetables,  as 
they  doubtless  are,  which  constitute  the 

985.  Eabord.  Diatomtcec.     These  differ 
from  the  last  chiefly  in«the  brown  instead  of 

I  green  color  of  their  contents,  in  the  siliceous 
and  durable  nature  of  their  cell-wall,  and  in 
being  natives  of  salt  instead  of  fresh  water. 
Their  movements,  as  they  break  up  from 
their  connections,  are  still  more  vivid  and 
varied.  Some  ane  fixed;  others  are  free. 
Some  are  extremely  minute:  others  fonn 
clusters  of  cells  of  considerable  size.  All 
require  a  compound  microscope  for  their 
study,  and  a  full  treatise  is  needed  to  do  them 
justice. 

986.  Ord.  Chinese.     The  Chora  Family 
consists  of  a  few  aquatic  plants,  which  have 

^^  *^        all  the  simplicity  of  the  lower  Algae  in  their 

vegetation,  being  composed  of  simple  tubular  cells  placed  end  to 
end,  and  often  with  a  set  of  smaller  tubes  applied  to  the  surface  of 
the  main  one  (Fig.  1335,  1336).  Hence  they  have  been  placed 
among  Algse.  But  their  fructification  is  of  a  higher  order.  It  con- 
sists of  two  kinds  of  bodies  (both  sho¥m  in  Fig.  1335),  of  whidi 

FIO.  1834  Bnmch  of  Um  eomoMm  Chnm,  Muiy  Um  oAtanl  iba.  1385  A  portion  BMfni- 
fled,  •hewing  the  lateral  tubes  eDclovinga  large  central  ooe  (a  portion  more  magnified  at  1886) ; 
also  a  apore,  inTeeted  by  a  eet  of  tubes  twisted  spirally  around  it ;  and  the  antheridium  bocne 
at  its  base. 
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the  smaller  (and  lower)  contains  antheridia  of  curious  structure, 
provided  with  slender  and  active  spermatozoids,  while  the  upper 
and  larger  is  a  sporocarp,  formed  of  a  budding  cluster  of  leaves 
wrapped  around  a  nucleus,  which  is  a  spore  or  s}X)rangium.  The 
order  might  perhaps  have  been  introduced  between  the  Equise- 
tacese  (to  which  the  verticillate  bi'anches  show  some  analogy)  and  the 
Ilydropterides ;  but  its  true  position  is  hard  to  deteimine. 


CHAPTER    IV. 

OP  THE  ARTIFICIAL    SYSTEM    OF    LINNAEUS. 

987.  TiiK  difference  in  principle  between  an  artificial  and  a  natu- 
ral system  of  classification  has  already  been  indicated  (715).  No 
one  better  understood  this  thanCiinnseus,  when,  finding  it  impossible 
in  his  day  to  make  a  natural  classification  available  for  ordinary  use, 
he  propo^Aed,  as  a  temporary  substitute,  the  elegant  artificial  scheme 
which  bears  his  name.  As  this  system  is  identified  with  the  history 
of  the  science,  which  in  its  time  it  so  greatly  promoted,  and  as  most 
systematic  works  have  until  recently  been  arranged  upon  its  plan,  it 
is  still  necessary  for  the  student  to  understand  it.  Its  principles  are 
so  simple,  that  a  brief  space  will  amply  sufiice  for  its  explanation. 

988.  It  must  be  kept  in  mind,  that  an  artificial  scheme  does  not 
attempt  to  fulfil  all  the  conditions  of  natural-history  classification. 
Its  principal  object  is  to  furnish  an  easy  mode  of  ascertaining  the 
names  of  plants  ;  their  relationships  being  only  so  far  expressed  as 
tlie  plan  of  the  scheme  admits.  All  higher  considerations  are  of 
course  sacrificed  to  facility.  In  the  Linnsean  classification,  the 
species  of  a  genus  are  always  kept  together,  whether  or  not  they  all 
accord  with  the  class  or  order  under  which  they  are  placed.  Its 
lower  divisions,  therefore,  namely,  the  genera  and  species,  are  the 
same  as  in  a  natural  system.  But  the  genera  are  arranged  in  arti- 
ficial classes  and  orders,  founded  on  some  single  technical  character, 
and  have  no  necessary  agreement  in  any  other  respect;  just  as 
words  are  alphabetically  arranged  in  a  dictionary,  for  the  sake  of 
convenience,  although  those  which  stand  next  each  other  have,  it 
may  be,  nothing  in  common  beyond  the  initial  letter. 
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989.  The  classes  and  orders  Linnieas  founded  entirely  upon  lh^ 
namber,  situation,  and  connection  of  the  stamens  and  pistils;  thd 
ofAce  and  importance  of  which  he  had  just  set  in  a  clear  light. 

990.  The  classes,  twenty-four  in  number,  were  founded  upon 
modificatioas  of  the  stamens,  and  have  names  of  Gredc  derivation 
expressive  of  their  character.  The  first  eleven  comprise  all  plants 
with  perfect  flowers,  and  with  a  definite  number  of  equal  and  un- 
connected stamens.  They  are  distinguished  by  the  absohite  number 
of  these  organs,  and  are  designated  by  names  compounded  of  Greek 
numerals  and  the  word  andria  (from  di^p),  which  is  used  meta- 
phorically for  stamen,  as  follows :  — 

Class  1.  MoN ANDRIA  includes  all  such  plants  with  one  stamen  to 
the  flower ;  as  in  Hippuris. 

2.  DiANDRiA,  those  with  two  stamens,  as  in  the  Lilac 

3.  Triandria,  with  three  stamens,  as  in  the  Valerian,  &c. 

4.  Tetrandria,  with  four  stamens,  as  in  the  Scabious. 

5.  Pentandria,  with  five  st^ens,  the  most  frequent  case. 

6.  Hexandria,  with  six  stamens,  as  in  the  Lily  Family,  dec 

7.  Heptandria,  with  seven  stamea^  as  in  Horsechestnut. 

8.  Oct  ANDRIA,  with  eight  stamens,  as  in  Evening  Primrose,  dec 

9.  Enneandria,  with  nine  stamens,  as  in  the  Rhubarb. 

10.  Dec  ANDRIA,  with  ten  stamens,  as  in  Rhododendron. 

11.  DoD  EC  ANDRIA,  with  twelvc  stamcus,  as  in  Asarum  and 

the  Mignonette;  extended  also  to  include  those  with 
from  thirteen  to  nineteen  stamens. 

991.  The  two  succeeding  classes  indude  plants  with  perfect  flow- 
ers, having  twenty  or  more  unconnected  stamens,  which,  in 

12.  Icos ANDRIA,  arc  inserted  on  the  calyx  (perigynous,  467), 

as  in  the  Rose  Family ;  and  in 

13.  PoLTANDRiA,  OR  the  receptacle  (hypogynous,  466),  as  in 

the  Buttercup,  Anemone,  &c 

992.  Their  essential  characters  are  not  indicated  by  their  names ; 
the  former  merely  denoting  that  the  stamens  are  twenty  in  number; 
the  latter,  that  they  are  numerous.  —  The  two  following  depend  upon 
the  relative  length  of  the  stamens,  namely, 

14.  DiDTNAMiA,  including  those  with  two  long  and  two  short 

stamens  (Fig.  407)  ;  and 

15.  Tetradynamia,  those  wi:h  four  long  and  two  short  sta- 

mens, as  in  Cruciferous  flowers  (Fig.  406). 
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993.  Their  names  are  Greek  deriyatives,  signifying  in  the  former 
that  two  stamens,  and  in-  the  latter  that  four  stamens,  are  most  pow- 
erfuL — The  four  succeeding  are  founded  on  the  connection  of  the 
stamens: — 

16.  MoNADELPHiA  (meaning  a  single  fraternity),  with  the 

fihiments  united  in  a  single  set,  tube,  or  column,  as  in 
all  the  Mallow  Family,  &c. 

17.  DiADELPHiA  (two  fraternities),  with  the  filaments  united 

in  two  sets  or  parcels. 

18.  FoLTADELPHiA  (many  fraternities),  with  the  filaments 

united  in  more  than  two  sets  of  parcels. 

19.  Syngenesia  (from  Greek  words  signifying  to  grow  to- 

gether), with  the  anthers  united  in  a  ring  or  tube,  as  in 
all  Compositfe  (844). 

994.  The  next  class,  as  its  name  aenotes,  is  founded  on  the  union 
of  the  stamens  to  the  style : — 

20.  Gtnandria,  with  the  stamens  and  styles  consolidated,  as 

in  the  Orchis  Family  (Fig.  468). 

995.  In  the  three  following  classes,  the  stamens  and  pistils  are 
found  in  separate  blossoms :  — 

21.  MoNCECiA  (one  household)  includes  all  plants  where  the 

stamens  and  pistils  are  in  separate  fiowers  on  the  same 
individual ;  as  in  the  Oak,  &c 

22.  DiocciA  (two  households),  where  they  occupy  separate 

flowers  on  different  individuals  ;  as  in  tlie  Willow,  Pop- 
lar, Moonseed  (Fig.  413,  414),  &c. 

23.  PoLTOAMiA,  where  the  stamens  and  pistils  are  separate 

in  B6me  fiowers  and  united  in  others,  either  on  the 
same,  or  two  or  three  different  plants;  as  in  most 
l^Iaples. 

996.  The  only  remaining  class, 

24.  Crtptogamia,  is  inferred  to  have  concealed  stamens  and 

pistils  (as  the  name  imports),  or  the  analogues  of  these 
organs,  and  includes  the  Ferns,  Mosses,  Lichens,  &c^ 
which  are  now  commonly  termed  Cryptogamous  or  Flow- 
erless  Plants  (651). 

997.  The  characters  of  the  classes  may  be  presented  at  a  single 
view,  as  in  the  subjoined  analysis :  — 
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.,  998.  The  orders,  in  the  first  tliirtcen  classes  of  the  Ltnmcan  ar- 
tificial system,  depend  on  the  number  of  styles,  or  of  the  stigmas 
when  the  styles  are  wanting;  and  are  named  by  Gr^k  numerals 
prefixed  te  the  wiMrd  ^ynic^  used  metaphodcally  ftr  pistil,  as 
follows: — 

Order  1.  Mokogtnia.  embraces  all  plants  of  any  of  the  first  thir- 
teen classes,  with  otie  style  to  ^each  flower.  - 
2.  DtGTNiA  embraces  those  with  two  styl^ 
d.  Trigtnia,  those  with  three  styles. 

4.  Tetragtnia,  those  with  four  styles. 

5.  Pentagynia,  those  with  five  styles. 

6.  Hexagtnia,  those  with  six  styles. 

7.  Heptagtnia,  Uiose  with  seven  styles. 

8.  OcTOGTNiA,  those  with  eight  styles 
d.  Enni^agtnia,  those  with  nine  styles.  L 

10.  Dbcagtnia,  those  with  ten  styles. 

11..  DoDECAGTNiA,  those  With  ekven  or  twelve  styles^ 

12.  PoLTOTKiA,  those  with  more  ^uuk  twelve  styles.  •-* 

999.  The  orders  of  class  14,  Didynamia,  are  only  two;  namely, 

1.  Gtmnosperhia,  meaning  seeds  naked,  the  acheni»-like 

fruits  having  been  taken  for  naked  seeds. 

2.  Angiosperxia,  with  the  seeds  evidently  in  a  seecL-vessel 

or  pericarp. 

1000.  The  1 5th  class,  Tetradynamia,  is  also  divided  into  two  or- 
ders, which  are  d^tinguished  merely  by  the  form  of  the  pod ;  — 

1.  SiLicuLOSA ;  the  fruit  a  silicle  (621),  or  short  pod. 

2.  SiLiQuosA ;  fruit  a  silique  (620),  or  more  or  less  elon- 

gated pod. 

1001.  The  orders  of  the  16th,  17th,  18th,  20th,  21st,  and  22d 
classes  depend  merely  on  the  number  of  stamens ;  tliat  is,  on  the 
characters  of  the  first  thirteen  classes,  whose  names  they  likewise 
bear:  thus. 

Order  1.  Monandrta,  with  one  stamen ;  2.  DiAin>RiA,  with  two 
stamens ;  and  so  on. 

1002.  The  orders  of  the  19th  class,  Syngenesia,  are  six ;  namely, 
1.  PoLYGAMiA  AQUALis,  where  the  flowers  arc  in  heads 

(compound  flower,  394),  and  all  perfect. 
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2.  PoLTGAiHA  SUPERFLUA,  the  8ame  as  die  last,  except  thai 

the  rays,  or  marginal  flowers  of  the  head,  are  pistillate 

only. 
8.  PoLTOAMTA  FRU8TRAKEA,  those  With  the  marginal  flowers 

neutral  (Fig.  824,  825),  the  others  perfect. 
4.  POLTOAMIA  MECE88ARIA,  where  the  marginal  flowers  are 

pbtillate  and  fertile,  and  the  central,  staminate  and 

sterile. 
6.  PoLTGAJiiA  8EOREOATA,  where  each  flower  of  the  head 

has  its  own  proper  involucre. 
6.  MoNOGAMiA,  where  solitary  flowers  (that  is,  not  united 

into  a  head)  have  united  anthers,  as  in  Lobelia. 

1008.  The  2dd  dass,  Polygamia,  has  three  orders,  founded  on  the 
characters  of  the  two  preceding  clashes ;  namely^ 

1.  MoN<BOiA,  where  bodi  separated  and  perfect  flowers  are 

founded  in  the  same  individuaL 

2.  Dkbcia,  where  they  occupy  difierent  individuals. 

8.  Trkbcia,  where  one  individual  bears  the  perfect,  another 
the  staminate,  and  a  third  the  pistillate  flowers^ 
1004.  The  orders  of  the  24th  dass,  Cryptogamia,  are  natural  or- 
ders, and  therefore  not  definable  by  a  single  character.    They  are, 

1.  FiLiCBS,  the  Ferns. 

2.  Musci,  the  Mosses. 

8.  Algje,  which,  as  left  by  Linnasus,  comprised  the  HepetioB, 

Lichens,  &c^  as  well  as  the  Seaweeds. 
4.  Fungi,  Mushrooms,  dbc. 
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OV  THB  SXOIIS  AXD  AbSXTXATIOVB  XlfPLOTXD  IV  BOTAITIOAL  WbITIVOS. 

LiKNAUS  adopted  the  ic^wiag  ngns  for  deiigMiting  the  dantioii  of  a 
plant,  viz. :  — 
(2>  An  animal  plant 
g  A  biennial  plant. 
21  A  perennial  herb. 
yi  A  shrub  or  tree. 

Among  the  signs  recently  introduced,  the  foUowing  have  come  into 
general  use: — 

0  A  monocarpic  (once-flowering)  plant,  whether  annual  pr  bienniaL 
(J)  An  annual  plant 

^  A  biennial  plant 

2[  A  perennial  heib. 

1^  A  plant  with  a  woody  stem. 

g  A  staminate  flower,  or  plant 

9  A  pistillate  flower,  or  plant 

y  A  perfect  flower,  or  a  plant  bearing  perfect  flowers. 

1  The  exclamation  point  is  employed  as  the  counterpart  of  the  note  of 
interrogation.  When  it  follows  the  name  of  an  author  appended  to 
the  name  of  a  plant,  it  imports  that  an  authentic  specimen  of  the 
plant  in  question,  under  this  name,  has  been  examined  by  the  writer: 
when  it  is  appended  to  a  locality,  it  signifies  that  the  writer  has  seen  or 
collected  q)ecimens  of  the  plant  from  that  locality,  &c. 

?  The  note  of  interrogation  is  employed  to  denote  doubt  or  uncertain- 
ty ;  and  b  affixed  either  to  a  generic  or  specific  name,  or  to  that  of  an 
author  or  locality  cited. 

*  As  used  by  De  Candolle,  indicates  that  a  good  description  Is  found  at 
the  reference  to  which  it  is  appended.    It  is  not  in  common  use. 
44 
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Those  abbreviadons  of  the  names  of  oi^gans  which  nre  coamionljr  em- 
ployed, Buch  as  CaL  for  calyx,  Cor,  for  coroUa,  FL  for  flower,  Fr.  for 
fruit.  Gen,  for  genus,  HiA,  for  habitat,  Herb,  for  herbariam,  Hort,  for 
garden,  3/u#.  for  Musenm,  Ord,  for  order.  Had.  (Radix)  for  root,  iSyn.  for 
synonymy,  Sp,  or  Spec,  for  species,  Var,  for  Tariety,  &c^  scarcely  require 
explanation. 
y .  sp.  denotes,  in  general  terms,  that  the  writer  has  seen  the  plant  noder 

consideration, 
y.  s.  c  (Vidi  necam  etaiinf)fibe±  a  dried-specmien  of  a  cultivated  plant 

has  been  examined. 
y.  8.  s.  (Vidi  siccam  sp<mkmeam),  that  a  dried  ipecimen  of  the  wild 

plant  has  been  examined, 
y.  T.  c.  (Fu/t  vivam  cuUam)y  that  the  Ering  cnldvated  plant  has  been 

under  examination. 
Y:  V. « '( Vm wJbrt»»'4rjKm<a»XtfMt),'tiM»1hB JMadpfamtfaaa baen exacDinedl 

in  a  living  state. 
"The  names  of  authors,-  whcn'of '  more  than  one  syHOTle,  are  eonuoonly 
abridged  by  writing  the  first  syllable,  and  the  first  letter  or  ^be  fatt  con- 
sonant of  the  second.  Thus,  Linn,,  or  Z.,  is  the  customary  abbre^iatiott 
for  Linnaeus;  Juss,  for  Jussieu;  WiBd,  Rmt  WilldettC^;  MM,  fbr  Muh- 
lenberg ;  Michx,  for  Michaux ;  Rich,  for  Richard ;  De  Cand,,  or  DC, 
for  DeCandolle;  Hook,  for  Hooker;  EndL  for  EhdBcher;  IdndL  for 
lindley,  &c* 


Or  CozxKOTiKa  ahd  PuxstMrnsel  Flahts. 

1.  The  botanisfs  collection  of  specimens  of  plants,  presnred  by-  drying 
under  pressure  between  folds  of  paper,  is  termed  a  Hortus  JSccur,  or  com- 
monly an  Herbarium. 

2.  A  complete  specimen  conststs  of  one  or  more  shoots,  bearing  the 
leaves,  flowers,  and  fruit ;  and,  in  case  of  herbaceods  plants,  a  portion  of 
the  root  k  also  deiirable. 

8.  Fruits  and  seeds  which  are  too  large  to  accompany  the  dried  speci- 
mens, or  which  would  be  injured  by  compression  with  sections  of  wood, 
&c.,  should  be  separately  preserved  in  cabinets. 

4.  Specimens  for  the  heriiarium  should  be  gathered,  if  possible,  in  a  dry 
day ;  and  carried  either  in  a  close  tin  box,  as  is  the  conunon  practice,  or 
in  a  strong  portfolib,  containing  a  quire  or  more  of  firm  paper,  with  a  few 
loose  sheets  of  blotting-paper  to  receive  delicate  plants.  They  are  to 
be  dried  under  strong  pressure,  (but  without  crushing  the  parts,)  between 
dryers  composed  of  six  to  ten  thicknesses  of  bibulous  paper;  which  idiould 
be  changed  daily,  or  even  more  frequently,  until  all  the  moisture  is  ex- 
tracted fix>m  the  plants; — a  period  which  varies  in  difierent  species,  and 
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with  the  season,  from  two  or  three  days  to  a  week.  All  delicate  Bjpeci" 
mens  sboukl  be  laid  in  folded  sheets  at  thin  and  smooth  bibulous  paper 
(such  as  tea-paper),  and  such  sheets,  filled  with  the  freshly  gatiiered 
specimens,  are  to  be  placed  between  the  dryers,  and  so  transferred  entire* 
day  after  day,  into  new  dryers,  without  being  disturbed,  until  perfectly 
dry.  This  preserves  all  delicate  flowers  better  than  the  ordinary  mode  of 
shifting  of  the  papers  which  are  in  immediate  contact  with  the  specimens, 
and  also  saves  much  time  usually  lost  in  transferring  numerous  small 
specimens,  one  by  one,  into  dry  paper,  often  to  the  great  injury  of  the  deli- 
cate corolla,  &C. 

5.  The  dried  specimens,  properiy  ticketed  with  the  name,  locality,  &c., 
and  arranged  under  their  respective  genera  and  orders,  are  preserved  in 
the  herbarium,  either  in  separate  double  sheets,  or  with  each  species  at- 
tached by  glue  or  otherwise  to  a  half-sheet  of  strong  white  paper,  with  the 
name  written  on  one  comer.  These  are  collected  in  iblios,  or  else  lie  ftat 
(as  is  the  best  mode)  in  parcels  of  convenient  aze,  received  into  compart- 
menti  of  a  cabinet,  with  close  doors,  and  kept  in  a  perfectly  dry  place. 

6.  The  seeds  of  plants  intended  for  cultivation,  which  are  to  be  trans- 
ported to  a  distance  before  being  committed  to  the  earth,  should  first  be 
dried  in  the  sun,  wn^ped  in  coarse  paper,  and  preserved  in  a  dry  state. 
They  should  not  be  packed  in  close  boxes,  at  least  so  long  as  there  is  dan- 
ger of  the  retention  of  moisture. 

7.  Roots,  shrubs,  &C.,  deagned  for  cultivation,  should  be  taken  from  the 
ground  at  the  ckise  of  their  annual  v^etation,  or  eariy  in  the  spring  before 
growth  recommences,  and  packed  in  successive  layers  of  sligfady  damp  (but 
not  wet)  Peat-moss  (S|)hagnum).  Succulent  j^ants,  however,  such  as 
Cacti,  may  be  packed  in  dry  sand. 

8.  Plants  in  a  growing  state  can  only  be  safely  transported  to  \  consider- 
able distance,  especially  by  sea,  in  the  closely  glazed  cases  invented  by  Mr. 
Ward;*  where  they  are  provided  with  the  requisite  moisture,  while  they 
are  suiHciendy  exposed  to  the  light 

•  On  the  Growth  of  PUmts  in  Qosely  Glased  Cases,  by  N.  B.  Ward,F.  L.S^ 
London,  184S.— Ed.  S,  1853. 
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^,  priTatiTe,  as  the  initial  in  many 
words  of  Greek  derivation,  signifies 
the  absence  of  the  ory^n  men- 
tioned ;  as,  opetaloos,  destitute  of 
petals;  aphyllous,  leafless.  In 
words  beginning  with  a  vowel  this 
pv^x  is  changed  to  an ;  as,  anan- 
thoos,  flowerless ;  anantherous,  des- 
titute of  anthers. 

AbbreTiations.  The  customary  ones 
are  mentioned  on  p.  518. 

Aberrant  (wandering) :  applied  to  spe- 
cies, genera,  &c.  wnich  differ  in 
some  respect  from  the  usual  or  nor- 
mal character  of  the  group  they 
belong  to. 

Abietinese,  480. 

Abnormal :  differing  from  the  normal  or 
usual  structure. 

Aboriginal:  strictly  native ;  indigenous. 

Abortion :  the  non -formation  or  imper- 
fect formation  of  an  organ,  255. 

Abortive  oi^ns,  258. 

Abrupt:  terminating  suddenly. 

Abrupthf  pinnate,  163,  fig.  290. 

Absorption,  80. 

AcantnacesB,  447. 

Acanthcfdadous:  with  spiny  branches. 

Acantkdpfiorous :  spine-bearing. 

AcauleMoent :  stemless,  or  apparently  so, 
i.  e.  without  a  proper  caulis;  91. 

Aecetaory:  something  additional. 

Acceuory  bud»,  98. 

Acceitonf  fruits,  318. 

AcertMcent :  increasing  in  size  afVer  flow- 
ering, as  the  calyx  of  Physalis. 
44  ♦ 


Aecrete:  grown  together. 

Aodia^tent:   lying  against,    especially 

edgewise   against  anotlier  body; 

326,  390,  flg.  700. 
Acephalous:  heiuiless. 
AcertEcesB,  or  Aoerine»,  410. 
Acerose :  needle-shaped,  like  the  learea 

of  Fines,  &c  ;  166,  fig.  212,  213. 
Acetdbulijorm  or  acetabulous:    saucer- 
shaped. 
Achenium   (pi.  aehenia):   a  one-seeded 

seed-like  fruit ;  313,  fig.  566-573. 
Achlam^deous :  destitute  of  calyx  and 

corolla,  261. 
Acids.  56,  195. 
AcicJar:    slender    needle-shaped   or 

bristle-shaped. 
Acies :  the  edge  of  a  thing. 
Acindciform :     scymitar-shaped,     like 

some  bean-pods. 
Actnes  (dcini) :  the  separate  grains  or 

carpels  of  an  aggregate  fleshy  fruit, 

like  the  raspberry,  as  the  term  is 

now  generally  used ;  classically,  the 

dcinus  meant  the  whole  bunch  of 

such  fruits. 
Acotiff^donous :  destitute  of  cotyledons. 
Acrdbryous:  budding  from  the  apex 

only ;  same  as 
Acnfgenous:  growing  from  the  apex, 

370. 
Acrogens,  Acrogenous  plants,  370, 499. 
Acramph(brjfous :    growmg    from  both 

ends  and  over  the  surface. 
AaUeate:  prickly;  beset  with  prickles 

{aculei);  52. 
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AaAtdUde :  diminatire  of  the  last :  i.  e. 
beset  with  small  or  few  prickles. 

AeUminate :  ending  in  a  nairovred  or 
prolonged  and  tapering  point;  162, 
fig.  268,  239. 

Acutangaiar :  sharp-angled  ;  as  the 
stems  of  Scirpus  pungens. 

Acute:  merely  sharp-pointed;  ending 
by  an  acnte  angle ;  162,  fig.  269. 

Adelpftout  (stamens) :  joined  by  their 
filaments  or  cUisteied  into  abrother- 
hood  {adelphia). 

Adherent:  sticking  to,  or,  commonly, 
growing  fast  to,  another  body,  252. 

Adnate:  grown  fast  to,  or  formed  in 
union  with,  another  body,  as  the 
calyx-tube  of  the  Groosebeny  and 
Cranberry  (fig.  891)  to  the  orary, 
251,  252.  Attached  by  its  whole 
length,  as  the  anther  of  Lirioden- 
dron,  282,  fig.  470,  and  of  Ajaram, 
n^.  472. 

Adnatum :  the  union  of  heterogeneous 
parts,  250. 

Adpreuedf  or  apprenaed:  brought  into 
contact  or  nearly,  but  not  united. 

Adacendentf  or  ascending :  rising  grada- 
ally  upwards,  102. 

Adnirgent,  or  assurgent:  rising  upwards 

AdoentUious,  adoentive:  found  out  of 
the  natural  place. 

Adventitiout  budSf  82,  98. 

JEquiiateral:  equal-sided;  opposed  to 
oblique. 

Aerial:  growing  in  the  air. 

Aerial  routs f  85. 

Aeroj^kjfte :  same  as  Air-plant. 

jEslival :  relating  to  summer. 

JEitivQtion  ;  arrangement  of  floral  or- 
gans in  the  bud,  269. 

Affinity :  true  and  near  relationship  ; 
i.  e.  species  haye  affinity  when  they 
resemble  each  other  in  their  prin- 
cipal points  of  structure,  or,  in  other 
words,  are  constructed  Uiroughout 
upon  the  same  particular  plan  or 
,     type.     (See  Anaiogg.) 

Agamous  or  Agdmic :  destitute  of  sexes. 

Agglomerate  or  aggregate:  heaped  or 
crowded  into  a  duster. 

Aggregate  fruits^  317. 

Air-cells^  air-passages^  50. 

Air-plants,  87. 

Akeniam  Of  akene:  9eeacheniwn. 

Ala  (pi.  alte) :  a  wing ;  the  side  petals 
of  a  papilionaceous  flower;  253, 
fig.  392,  6. 

Alabdstrum:  a  fiower-bud. 

Alar ;  borne  in  the  forks  of  a  stem. 

Alate :  winged  ;  i.  e.  furnished  with  any 
broad  and  thin  adherent  appendage, 
as  the  seeds  of  Trumpet  Creeper, 


fig.  601,  the  leafstalks  of  the  Or« 
ange,  Rhus  Copallina,  Ac ,  sod 
the  stem  of  the  common  Thistle. 

Albeseefit :  whitened,  or  hoary-white. 

Afbdmen,  a  yegetable  product,  198. 

Aibdmem  of  the  seed,  76,  822. 

AttiMft^MNft  (seeds)  :  fnniished  with 
atbumen,  323. 

AJhimum:  sapwood,  126. 

Algss,  509. 

Algologg:  the  scieiioe  relating  to  Algae, 

AlismacesB,  487. 

Alkaloids,  57. 

AUiaceova :  like  the  gariic  or  onion. 

Alliances :  natural  groups  of  neariy  re- 
lated orders,  374. 

Allspice,  4 18. 

Almond,  415,  417. 

Alpine:  growing  on  the  higher  parts 
of  the  Alps,  and  in  general  on 
nount«ins  above  the  liimis  of  trees. 

Aloes,  493. 

AlsinesB,  395. 

AU^mats  (leayes) :  situated  one  after 
another,  78,  97,  133.  Petals,  sta^ 
mens,  &c.  are  said  to  alternate  with 
adjacent  organs,  when  they  stand 
oyer  the  intenrals  between  tfae■^ 
235. 

Alternation  of  parts,  235. 

Alveolate:  honeycombed;  having  deep 
angular  cavities  separated  by  thin 
partitions,  as  the  receptacle  of  CaU 
ton-Thistle,  fig.  898. 

Amarantfu:esB,  465. 

Amaryllidacee,  491. 

Ament:  acatkin ;  a  peeuUar  scaly  spike; 
213,  fig.  312. 

Amentaceous :  resembling  or  bearing  cal- 
kins. 

Amnios :  the  embryo-sac,  304. 

Amorjikous :  shapeless,  i.  e.  of  no  defi- 
nite or  regular  form. 

Amphibrgous:  growing  by  additions 
over  the  whole  periphery. 

Amphicdrpous,  or  amphicdrpic :  produc- 
ing two  kinds  of  fruit ;  as  in  the 
genus  Amphicarpiea,  so  named  on 
this  account 

Amphigastria :  the  peculiar  stipn]e4ik9 
leaves  of  certain  Hepatic«,  5(H. 

AmphCtropouSf  or  amph4lropal,  ovule  or 
seed,  300,  fig.  528. 

Amplectant:  embracing. 

AmpUricaul  (leaves,  &c.) :  clasping  the 
stem  by  a  broad  base  or  insertion. 

AmpuUdceous :  shaped  like  an  amptUla 
or  fiask-shaped  vessel ;  swelling  out 
at  the  base  or  middle. 

AmygdiHese,  415. 

Amyhceous:  composed  of  starch  (Aiy- 
lum),  or  resembling  starch. 
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Amyloid,  55. 

AmyridaceflB,  407. 

Anacardiiloe»»  406. 

Anahgg:  resembUiiiGe  In  fertain  re- 
spects. As  distiBgiiished  from  ^f- 
Jinitif  it  means  resemblaiice  in  oer> 
tain  icspeets  on/y,  not  in  the  whole 
plan  of  strnctnre.  Thus  a  Ranun- 
culus is  (tnaloffoiu  to  a  Potentilla, 
but  there  is  no  near  afflnity  or  re- 
lationship between  the  two.  And 
the  tendnl  of  a  Pea,  that  of  a  Smi- 
lax,  and  that  of  the  Grape-Vine  are 
tmaJogun,  i.  e.  are  timUogous  Off^ans, 
but  are  not  homologmM ;  for  the  first 
answers  to  a  leaf,  the  second  to 
stipules,  and  the  third  to  a  stem. 
The  spar  of  a  Larkspur  (fig.  898) 
is  analogous  to  one  of  the  fire  spurs 
of  Columbine  {Ag.  646),  but  not 
homologous  with  it,  for  the  first  is 
a  sepal,  and  the  second  a  petal. 

AfUtndroug:  destitute  of  stamens. 

AndiUkffmm :  destitute  of  anthers. 

AnanUwM* :  without  flowers. 

AndMlmtumng  f  connected  by  cross 
branches  into  a  network,  as  the 
veins  of  animals,  and  the  so-called 
veins  of  reticulated  leaves,  49, 54. 

Andlrofwu^otanatmpak,  seeds  or  ovules, 
299,  fig.  529. 

Ancfpital:  with  two  edges,  as  the  stem 
of  Sisyrinchium  anceps. 

AndrAcium:  the  stamens  of  a  flower, 
taken  as  a  whole,  228. 

Andrd^ifnom:  bearingboth  stamens  and 
pistils  in  separate  flowers  of  the 
same  inflorescence. 

Ambn^jhore:  a  eolnmn  of  united  stamens, 
or  any  support  on  which  the  sta- 
mens are  raised. 

AndrouM,  in  words  of  Greek  derivatioD, 
refers  to  the  stamens :  see  c/icm- 
.     drmi$,  &c. 

AndrosporeB^  335. 

^n/rifctiioMoraiv^YicftiotfSf  abmptly  bent 
hither  and  thither,  as  the  stamens 
of  Melon,  fig.  467. 

Angiospermia,  515. 

AmgiMpirmoM  (AngiospermsB,  Angio- 
sperms):  producing  seeds  in  a  peri- 
carp, 871,  875. 

Angostura  bark,  406^ 

An^lar  divergence  of  leaves,  135. 

Anise,  426. 

Animfmenm  (flower) :  of  nnequal  num- 
ber in  the  different  circles ;  unsym- 
metricaL 

Ani$ophyiIaus :  unequal-leaved,  as  when 
tne  two  leaves  of  the  same  pair  are 
of  unequal  size. 

AnUoBte'mottouM :  when  the  number  of 


the  stamerifl  Ss  difVbvnt  from  that 
of  the  petals. 

AtmmUt  lasting  not  above  one  year  or 
one  season,  83. 

Afmuhr :  in  the  form  of  a  ring. 

Anmilar  duds,  46. 

Annulate :  marked  with  rings  or  circn- 
.     lartiansverse  lines. 

Annukt:  the  ring  of  the  spore-case  of 
true  Ferns,  501,  fig.  1289 :  that  of 
the  mouth  of  the  spore-case  or  cap- 
sule of  Mosses,  503,  fig.  1304. 

Anonaces»,  882. 

AnopkifteB  (top-p;rowing  plants,  of  the 
same  meamng  as  Acrogons  ?),  370,* 
502. 

Aniepo9ition,  248. 

AfUerhr:  as  to  position  m  the  flow* 
er,  on  the  side  next  the  bract,  237. 

Anther:  the  pollen-bearing  part  of  a  sta« 
men,  223,  281. 

Amhtridium  (plural,  antheridh),  334, 
502. 

AniherifenuM :  anther-bearing. 

A'nihesie :  the  time  when  the  flower  opens 
and  performs  its  functions,  or  tlie 
act  of  expansion  in  a  flower,  271. 

Anthoetfrpotu  fruits,  818. 

Autbooerdte«,  504. 

Amthddium :  a  technical  name  for  the 
capitulum  or  head  of  floMrers  of  a 
plant  of  the  order  Composite. 

AnUuitjfiB :  the  retrograde  metamorpho- 
.     sis  of  a  flower. 

Antkophore :  the  stalk  or  intemode  which 
is  sometimes  developed  between  the 
calyx  and  the  corolla,  as  in  Silene,- 
.     267,  fig.  432. 

Afdiccmt  anterior,  or  facing  forwards. 

AnUtropous,  or  antttropal :  (reversed;) 
applied  to  the  embiyo,  it  means  one 
with  the  radicle  pointing  away 
from  the  hilnm,  as  m  fig.  600  and 
fig.  606. 

Antr^fm  :  directed  apwards  or  forwards. 

Ap^tdouM :  destitute  of  petals  or  corolla, 
260. 

Aph^UoMM:  destitute  of  leaves,  at  least 
,    in  the  form  of  foliage. 

Apkxd:  relating  to  the  apex. 

Aptcultite :  terminating  in  an  abrupt 
short  point  or  tip. 

ApocdrpouM  pistils :  those  not  nnited  into 
one  body  or  compound  pistil,  290.- 

Apocvnace«,  457. 

Apdpkpm:  any  irregular  enlargement, 
lixe  that  of  the  spore-case  of  Splach« 
num  and  some  other  Mosses,  503.  • 

Apotheeivm :  the  shield  or  shield-shaped 
fmetiflcation  of  most  Lichens,  506. 

Appendix,  appendage:  any  superadded 
part. 
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AppendicuIaU:  hftTing  an  appendage. 

Apple,  416. 

Apprtutd:  lying  flat  agaimt,  or  doie- 
presied  together. 

Apricot,  417. 

Apterous :  wingless ;  having  no  dilated 
border  or  appendages. 

Aquatic:  living  in  water,  either  snb* 
roersed  or  raised  partly  out  of  it   , 

AqnifoliacesB,  443. 

AxacesD,  or  Aroidess,  485. 

Ardchnoid,  or  drenost:  cobwebbj,  L  e. 
with  entangled  slender  bain  look- 
ing like  cobweb. 

AraliaceiB,  427. 

Arboreous^  arbore$ceiU :  tree-like,  in  size 
or  appearance,  101. 

ArckefftfmuM  (pi.  arck&jomia) :  the  ana^ 
.     logne  in  Mosses  of  the  pistil. 

Arcuate:  curved  like  a  bent  bow. 

Ar^oia^  pi.  artoUz:  spaces  marked  oat 
on  a  surface. 

ArdUaU:  marked  oat  into  defimte 
spaces. 

ArkM:  destitute  of  root 

Aril,  ariUui :  an  accessory  covering  or 
appendage  of  a  seed  formed  by  a 
growth  from  the  funiculus,  hilum, 
or  placenta  after  the  completion  of 
theovule,  321,0^.603. 

AriUate:  fumbhed  with  an  arillus. 

Ariiiode :  a  false  aril,  or  covering  of  the 
seed  appearing  like  an  ant 

Aristate :  furnished  with  an  awn  {arftta), 

Aristolochiacese,  462. 

Amatto,  392. 

Arrdct:  pointing  upwards. 

Arrowroot,  481,  490. 

Arrow'thaped,  or  amm-keaded:  see  Sa- 
gittate ;  fig.  252. 

Artidiokes,  437. 

Articulated:  jointed,  L  e.  separating  by 
an  articulatioH  or  joint,  as  most 
leaves  from  the  stem  in  autumn, 
or  having  the  appearance  of  a  joint, 
92,  163,  173. 

Artificial  classification,  365,  5U, 

ArtocarpesB,  474. 

Atcending:  rising  obliquely  upwards, 
102. 

Amxnding  axia^  72,  91. 

Aeci:  the  spore^ases  of  certain  Lichens 
and  Fungi,  506,  507. 

Aeddium:  a  pitcher^haped  or  sao- 
shaped  lear,  169. 

AsdepiadacesB,  458. 

Ashes  of  plants,  58, 174, 186. 

AepergtiUJcrm :  shaped  like  an  aepergU- 
lu8,  or  brush  used  to  sprinkle  holy 
water,  as  the  stigmas  of  most 
Grasses. 

Assa£oetida,  427. 


Assimilation,  19,  21,  61, 177,  I9a 

AeswrffaU  :  same  at  ascending. 

AJbropout  or  dtropal  (ovules) :  same  aa 
orthotropous,  298. 

Attar  of  Boses,  417. 

AttauKEte :  tapering  gradually  to  a  thia 
or  narrow  extremity. 

AugmeHfatiom  of  parts,  242. 

Aurantiaoec,  401. 

Awficuiate :  eared ;  furnished  widi  au- 
ricles or  small  lobes  at  the  base. 

Automatic  movements,  347. 

Ava,  469. 

Avocado  Fear,  467. 

AwL-ahaped:  narrow  and  terete,  or  near- 
ly so,  and  tapering  to  a  point; 
166. 

Aum :  a  bristle-shaped  appendage,  like 
the  beard  of  Barley,  &c 

Awned :  see  Aristate. 

AxU  {axUia^  the  armpit) :  the  angle  be- 
tween a  leaf  and  tlie  stem,  on  te 
upper  side,  97. 

Axtk,  or  dxial :  belonging  to  the  aads, 
292. 

AxUlanf:  belonging  to  or  growing  in 
theaxiL 

Axillary  buds,  Ac,  97,  210. 

Axit :  the  stem  and  root,  67,  72 ;  tlie 
central  line  of  any  body,  as  tlie 

Axie  of  Uifloremyaice,  21 1. 

Baccate:  berr^-like ;  of  a  fleshy  or  polpy 

texture  like  a  berry  (batcoa),  311. 
Balm  of  Gilead,  &c.,  407. 
Balsams,  145,  407, 414,  48a 
Balsam£flusD,  425. 
Balsaminacese,  403. 
Banmer :  same  at  vexillum,  253. 
Bdrbate :  bearded ;  bearing  tufts,  spot% 

or  lines  of  haurs. 
Bdrbellale:  beset  with  short  and  stiff 

hairs,  like  the  pappus  of  liatris 

spicata,  &c. 
BajMlulate :  a  diminutive  of  the  last 
Barberry,  384. 
Bark,  120,  126. 
Barlev,  498. 
Bamf:  belonging  or  relating  to  tiie 

base  of  an  organ. 
Basellacess,  464. 
Battdia:  cells  of  the  fhictificatioo  of 

Mushrooms,  kc,  which  bear  dM 

spores,  507. 
Bdiffixed:  attached  by  the  bate. 
Bdedar:  seated  on  the  bate  of  anything. 
Bassorin,  55. 
Baat,  or  hau,  400 :  haH<tiU  or  tisane^ 

44,120. 
Baoeriese,  425. 
Bayberry,  477. 
Bdellium,  407. 
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Beaked  .*  ending  in  a  prolonged  narrow 
tip. 

Bearded:  beset  with  hairs,  especially 
Btilf  or  long  hairs.  Beard  is  some- 
times used  for  awn. 

B^-ahaped :  having  the  shape  of  a  bell ; 
277,  fig.  456. 

Benzoic  Acid,  Benzoin,  443. 

Berl)eridacefe,  384. 

Bergamot,  401. 

Berry :  a  fruit  fleshy  or  pulpy  through- 
out, 311. 

Betel,  469. 

Betulacea,  477. 

fit'  (or  bis),  as  a  prefix,  means  twice,  as 
in  the  following : 

Biaaiminate:  two-pointed. 

Biarticulate :  two-Jointed. 

Biauriculate :  two-eared. 

Bibi-dcteate :  with  two  bracts. 

Bibrdcteolate :  with  two  bractlets. 

Bicdiioae  :  bearing  two  callosities  or  lit- 
tle protuberances. 

Bidpitat :  baring  two  stalks  or  legs,  as 
the  keel  of  a  papilionaceous  corolla, 
fi^.  392. 

Bicdnjupaie:  twice-paired,  as  when  the 
petiole  of  a  compound  leaf  forks 
twice. 

BicormUe:  two-horned. 

Bid€ntate :  having  two  teeth  (not  twice 
dentate  or  doubly  toothed). 

Biennial:  lasting  more  than  one  year, 
but  not  more  than  two  years,  93. 

Bifarious:  two-ranked;  arranged  in  two 
vertical  rows. 

B^ :  two-cleft  to  the  middle  or  there- 
abouts, 159. 

Biflorous:  two-flowered. 

Bifdiate:  two-leaved. 

Bi/diiolate:  of  two  leaflets. 

Btfiircate:  two-forked,  or,  sometimes, 
twice-forked. 

Big^minate:  twice-paired. 

B^ener :  a  hybrid  oetween  two  plants 
of  different  genera. 

Bi|poniace«,  447. 

BijugaU :  a  pinnate  leaf  with  two  pairs 
of  leaflets. 

Bildhiate :  two-lipped,  255,  258,  278. 

Bildmeflate,  or  hildmeUar  :  of  two  plates 
or  famitlce. 

Bilberry,  439. 

Bildbate,  or  biklbed:  t#o-lobed,  159. 

Bildcuiar:  two-celled. 

Binary :  the  parts  in  twos,  239. 

Binate :  in  twos  ;  produceid  or  borne  in 
pairs,  164. 

Binomial  nomenclature  (of  two  names), 
363. 

Bipartite:  two-parted. 

Bipinnate:  doubly  or  twice  pinnate; 
164,  fig.  282. 


Biptnnatfff:  twice  pinnately,  161. 
Btpinndtifid  T  doubly  or  twice  pinnati- 

fid;  161, fig.  280. 
BipinndtiMcct :   twice-pinnately  divided, 

161. 
Bipltcaie :  twice  folded,  or  having  two 

folds. 
Bipdrose  :  opening  by  two  small  holes 

or  pores,  fig.  474. 
Biradiate  :  consisting  of  two  myft. 
Birdlime,  469. 
Birimoee :  opening  by  two  slits,  as  do^ 

most  anthers,  fig.  478. 
Bis^ptate :  having  two  partitions. 
Bis^rialf  or  bis^nate:  occupying  twd 

rows,  one  within  or  above  the  other. 
Bis^rrate :  doubly  serrate,  i.  e.  the  teeth 

themselves  serrate. 
Bisexual :  having  both  stamens  and  pis> 

tils,  261. 
Bisulcate :  having  two  furrows. 
Bit&nate :  twice  ternate ;  i.  e.  divided 

into  three  parts,  and  these  again 

into  three ;  164,  fig.  284. 
Blackberry,  416. 
Bladdery:  thm  and  inflated,  likea  blad« 

Blade  of  a  leaf,  petal,  6c,  145,  276. 

Bloom,  56,  144. 

Blueberry,  439. 

Boat-shaped:  concave  within  and  con- 
vex (and  often  keeled)  without. 

Bohon-Upas,  475. 

Borraginacese,  450. 

Bothr?nchyma,  45,  46. 

Brdchiate :  with  opposite  branches,  the 
successive  pairs  spreading  at  right 
angles  with  each  other. 

Bract  (Latin,  braetea) :  the  leaves  of  an 
inflorescence,  especially  the  leaf 
which  subtends  a  flower,  143,  211. 

Brdcteate :  subtended  by  a  bract 

BrdcteokOe :  subtended  by 

Bractlets,  brdrteotes  (Latin,  braetiblcB)  t 
bracts  of  a  second  order,  Ac,  or 
bracts  on  the  pedicel  or  the  flower- 
stalk,  211. 

Branches,  and  branddets,  97. 

Brazil-wood,  414. 

Bread-fruit,  475. 

Breathing-pores,  52,  150. 

Bristles :  stiff  short  hairs  (52),  or  hair- 
like  bodies. 

Bristly :  beset  with  stiff  bristles. 

BromeliacesB,  492. 

Brydlogy:  same  as  Muscology. 

Buckwheat,  466. 

Bud:  a  stem  or  branch  in  an  onderel- 
oped  state,  93. 

Budding,  100. 

Bud-scales,  95,  167. 

Buffalo-berry,  468. 
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BiJb:  a  ptnanwnt  b«d  witk  fleghj 
scales,  mostly  sabtemiieaii,  109. 

BuIbfferouM :  prodacing  bulbs. 

Bidi/ets :  little  bulbs  above  ground,  109. 

Butbose,  or  buibout :  bulb-like  in  sluipe. 

Bulbo-tuber :  same  as  a  oorm. 

Bullaie :  a  surface  appearing  as  if  blis- 
tered, puckered,  or  bladdery  (from 
bulla f  a  bubble). 

Bnrmanniaccse,  490. 

BurseraceA,  406. 

Buniculate :  provided  with  poiach4ik« 
appendages  {bunieiibiB). 

Butomacete,  487. 

ButterJIg^aped  corolla,  253,  277. 

Butternut,  476. 

Biftsaceous:  composed  of  fine  entangled 
threads  [bjfitsas,  or  fine  flax). 

Byttneriacee,  398. 

CabombacesD,  386. 

Cactaceas,  421. 

Cadikous:  falling  off  at  the  time  of 
expansion,  as  the  calyx  of  the 
Poppy,  279. 

CsBsalpmcae,  413. 

Coesious:  lavender-colored. 

Qispitoiie,  or  ce^Mtam  :  growing  ni  tvfb 
or  turfis. 

Cajepntoil,  418. 

Calabash,  447. 

Calabash-Nutmeg,  383. 

Cakuhidium :  a  name  for  the  head  of 
CompositsB. 

Caldthifbrm:  cup-shaped. 

Cdfeorafe  .*  bearing  a  spur  (oo^cor),  278 ; 
at  the  Violet,  fig.  396,  and  Lark- 
spur, fig.  398. 

Ctffceolate,  or  cdkiform^  slipper-shaped. 

Callitrichaceae,  470. 

CaUote:  furnished  with  callositiet  (colli) 
or  hardened  or  protubecaot  spots. 

Calvoiu:  bald. 

Calycanthacess,  417. 

CdSfcme :  relating  to  the  calyx. 

Catj/culate,  or  calSculate :  furnished  with 
an  outer  accessory  ealyx  icalifcidm)^ 
or  set  of  bractlets  resembling  a  ca^ 
lyx,  as  in  Dianthus. 

Calg/jtra :  the  hood  or  veil  of  the  spore- 
case  of  a  Moss,  503, 504  i  or  a  body 
like  It,  389. 

Cal^ptnUe:  furnished  with  a  calj^tra, 
or  something  like  it. 

Calffptriform :  shaped  like  a  eal3^ptFa  or 
candle-extingnisher,  as  thie  calyx 
of  Eschscholtzia,  p.  389,  fig.  692. 

•Calyx.'  the  exterior  floral  envelope,  or 
leaves  of  the  flower,  222,  274. 

Cambium,  Cambium-la^,  122. 

CamelliacesB,  400. 

Campanulacese,  438. 


Can^fMtnnhU:  bell-shaped;  277,  ^g- 
45€. 

Camphor,  400,  467. 

Campvltmp&motiM:  when  a  seed  or  seed- 
like  fruit  is  rolled  up  so  as  to  form 
a  longitudinal  furrow  down  one 
side,  as  that  of  Sweet  Cicely. 

CdmpjflatropomeroimpjfhiroptUorul^^ 
seed,  298,  299,  fig.  527. 

Canada  Balsam,  480. 

CanaUcitlate:  longitudinally  channelled. 

Cdncellate:  resembling  lattice-work. 

Candleberry,  477. 

CamBcent:  whitened  or  hoarj  with  fine 
and  dose  pubescence. 

CannabinesD,  475. 

CannaoeA,  490. 

Caoulchmtc,  57,  458,  473,  475. 

Capers,  391. 

C^iUary^  or  capilldefom :  hair-like. 

CdpitaU:  headed ;  having  a  globular 
apex  like  the  head  of  a  pin ;  or  col- 
lected into  a  head. 

QipOeUaU:  diminutive  of  capitate. 

CapHulum :  a  head  of  flowers,  as  of 
Clover,  Button-bush,  &c. ;  213,  fig. 
320. 

CapparidacesB,  391. 

CafT^ale:  furnished  with  tendrils. 

CaprifoliacesB,  431. 

C^[mJar  :  relating  to  a 

CaptuU :  any  compound  dehiscent  fhiit ; 
315,  fig' 582,  583. 

Cardamon,  490. 

Carina :  a  keel ;  the  two  anterior  petals 
of  a  papilionaceous  flower ;  254, 
fig.  392j  c. 

Cdrinate:  keeled;  furnished  with  a  pro- 
jecting longitudinal  ridge  along  the 
under  side. 

Caridpsis,  or  carydprns :  a  grain,  314. 

Qtmeottt:  flesh-colored. 

Cbmose ;  fleshy  in  texmre. 

Carpet  {carpellnm  or  eorpiditfiii) :  a  sim- 
ple pistil,  or  one  of^the  elements  of 
a  compound  one,  290. 

Cdrpellary :  pertaining  to  a  carpel. 

Varpoloy^:  me  defMutment  of  Botany 
that  relates  to  fruits. 

Cdrpopkmre:  the  stalk  of  a  pistil,  267. 

Cartot,426. 

Cartihginom :  tough,  like  cartilase. 

Cdrmtcle :  an  excrescence  at  thenOaa 
of  certain  seeds,  322. 

Canincnhtte :  fbmished  with  a  canroek. 

CaiyophyUacesB,  395. 

Oaiyophyllaciotu  (corolla)  :  pink-hke, 
276. 

Carydp§i8 :  a  grain,  314. 

Caseine,  198. 

Cashew,  406. 

Cassava,  472. 
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Cassia-baik,  467. 

Castor-oil,  478. 

Cattmie  (stamen) :  with  no  antlier  or 
one  coQtaininn;  no  poUcn. 

Catapetaloaa :  where  the  petals  are  nnit- 
ed  with  each  other  at  the  bade  and 
with  the  base  ot*  the  itamens,  as  in 
the  Mallow  family. 

Catechu,  414. 

Cat^nuiate :  composed  of  parts  united 
end  to  end,  like  the  links  of  a  chain. 

Catkin:  see  Ament,  213. 

Caudate  :  tailed  or  tail-pointed. 

Camkx,  101. 

Caudide:  a  little  stalk,  like  that  of  the 
pollen-mass  of  Orchis, &C.,  fig.  1235 

CanUacetU :  obviously  having  a  steuK 

CaulicU:  a  little  stem,  or  a  rudimentary 
stem  ;  the  radicle,  71. 

Oaulute,  or  caulinar:  relating  to  a 

Catdis :  the  main  stem,  9K 

Cayenne  pepper,  456. 

Codrclaocie,  401. 

Cedron.  405. 

Celastracexe,  408. 

Cell :  a  cavity  of  an  anther,  ovary,  &c., 
281,  291.  In  vegetable  anatomy, 
one  of  the  vesicles,  or  elements  of 
which  a  plant  is  composed,  23. 

Cell-formation,  27. 

Cell-growth,  aa 

CcU-multipltcation,  28. 

Cellular  trnk,  or  ewee/epe,  121. 

Cellular  Plants,  68. 

C^ular  ti»8ue,  or  ttmcture^  23. 

Cellule:  same  as  Cell  (in  veg.  anatomy). 

Caiulote,27,  192. 

CeltidcsB,  474. 

CeiUrifugal  inflorescence,  218. 
radicle,  326. 

Centripeial  inHoroMonce,  212. 
"        radicle,  326. 

CeratophvUacese,  470. 

Cereal:  'belonging  to  com  or  com- 
pUmu;  these  having  been  called 
the  gift  of  Ceres. 

C^muoue:  nodding. 

Qiaff:  the  scales  or  bracts  on  the  re- 
ceptacle which  subtend  each  a  flow- 
er in  the  heads  of  many  Compositse, 
as  the  Sunflower ;  also  the  glumes, 
&c.  of  Grasses;  215,  435. 

Chaffif :  provided  with,  or  of  the  taxtore 
of  chaff. 

CkaUxa:  the  part  of  the  ovule  where 
the  coats,  nucleus,  &o.  are  all  unit- 
ed;  298,  fig.  521,<i,526,c 

Channelled:  see  Canaliculate. 

Characeffi,  510. 

Characters :  the  essential  marks  distin- 
guishing one  species,  f^nus,  ice 
from  tliose  most  resembling  it^  362. 


ChartaeeoHM :  of  the  (extnie  of  paper  or 

parchment 
Checkerberry,  441. 
ChenopodiacesB,  464. 
Cherry,  417. 
Chestnut,  477. 
CfUarophjfU:  leaf-green,  58. 
Chlordeis :  a  loss  of  color ;  a  reversion 

of  the  petals,  &c.  of  a  blossom  to 

green  leaves. 
Chlorospermete,  509. 
Chocolate,  398. 
Chdrigie :  the  division  of  one  oigan  into 

two  or  more,  243. 
Ckromuie :  the  coloring  matter  of  plants, 

especially  of  petals,  &c. 
Chrysobalanacess,  415. 
Cicatrix :  a  scar  left  by  the  fall  of  a  leaf 

or  other  oigan. 
Cilia  (sing,  cilium,  the  eyelash) :  hairs  or 

bristles  fringing  the  margin  of  any- 
thing ;  those  of  the  inner  peristome 

of  a  Moss,  502. 
Ciliate:  the  margin  fringed  with  hau«« 
Cinchona,  432. 
Cinchonee,  432. 
Cin^nchjfmaf  49. 

CinerfouM,cineraceom:  ash-gray. 
Cinnamon,  467. 
Cirdnate:  involute  from  the  top;  144, 

fig.  219. 
Circulation  in  cells,  31, 178. 
Ciremmci$9ik^  or  dreumecissile:  opening 

or  divided  by  a  transverse  curcular 

line;  317,  fig.  588. 
Ctrcumucription :  the  general  outline. 
Cirrhoee,  cirrki/erous :    tendril-bearings 

or  with  organs  serving  as  a 
Currhu$:  a  tendril. 
CistacesB,  393. 
dstdma :  a  kind  of  site  lining  the  cham* 

her  nnder  a  stomate  in   certain 

plants. 
Classes,  360. 
Classification,  352. 
ClatkraU:  latticed. 
ClavaU^daviJbrm:  club-shaped ;  narrow 

below  and  thickened  towards  the 

summit 
Clavkwhte:  with  tendrils,  or  lea&talks 

acting  as  such  {olaoicuke). 
Claw:  the  narrowed  base  of  a  petal, 

&c.,  276. 
d^ :  cut  to  about  the  middle,  and  with 

narrow  or  acute  sinuses ;    159,  fig. 

261,  265. 
Climbinfi :  rising  by  laying  hold  of  oth- 
er objects  in  any  way,  102. 
CUndnihium :  the  receptacle  of  the  flow- 
ers in  CompositsB. 
Cloves,  418. 
Club-tliaptd:  seeClavate. 
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€liisuiccis,  400.  ' 

Quatered:  collected  into  a  bunch. 

Cl^pecUe :  buckler-shaped. 

Coac^rvate :  heaped  together. 

Ooddunaie :  cohering^  nnited  at  the  base 
or  farther. 

Coaleacence,  249. 

Coaleacent:  growing  together. 

CharctaU :  crowded  together. 

Coated:  composed  of  layers;  or  far- 
nished  with  a  rind. 

Cobwebbedf  or  cobioebbjf:  bearing  long 
hairs  like  cobweb  or  gossamer. 

Cocculus  Indicns,  384. 

Coccus  (pi.  COCCI )  :  andentl^r  a  berrj ; 
now  used  for  the  closed  carpels  into 
which  many  fruits  split  (816),  as 
those  of  Euphorbia,  fig.  1 143, 1 145, 
and  Verbena,  fig.  985. 

CwMedriform :  shaped  like  a  spoon  (oocA- 
lear), 

Qfc/deate:  like  a  snail-shell  (oodUea). 

Cocoa-plum,  415. 

Ccelosplfrmouf :  i.  e.  hollow-seeded ;  the 
top  and  bottom  incurved,  as  in  Co- 
riander-seed. 

Coffee,  433. 

Coherad:  united  together. 

Cohesion  of  parts,  250,  &c 

Coieorhiza  (roo^sheath) :  the  sheath  or 
covering  (belonging  to  the  cotyle- 
don or  plumule)  through  which  the 
radicle  of  most  Endogens  bursts  in 
germination. 

Collar,  coUum :  the  neck  or  line  of  junc- 
tion between  the  primaiy  stem  and 
root. 

Collective  fruit$,  318. 

Cok>cynth,  423. 

Colored:  of  some  other  color  than  green. 

Columbo-root,  384,  457. 

Columella :  the  axis,  or  central  column, 
of  a  pod  or  spore-case. 

Cb^n :  the  united  filaments  of  mon- 
adelphous  stamens,  or  the  united 
filaments  and  style  in  gynandrons 
flowers;  281,  fig.  468. 

Columnar:  pillar-shaped. 

Coma:  a  tuft  of  any  sort,  especially  a 
tuft  of  hairs  on  a  seed,  821,  fig. 
602 ;  the  whole  head  of  a  tree,  ^ 

Comate,  or  comoee :  bearing  a  coma. 

Combretacese,  419. 

CommelynacesB,  or  Commelinaeea,  496. 

QfmmisMure:  the  line  of  junction  of  two 
carpels;  used  mostly  in  Umbel- 
lifcne,  426. 

Comnum :  used  as  ^  general,"  opposed 
to  partial. 

Cdmplanate:  flattened. 

Complete  Jiower:  having  all  the  kinds  of 
organs,  222,  238. 


Complicate:  folded  upon  itaeUl 

CompositSB,  435. 

Qmpoundjlower,  21 5,  fig.  393  -  325,  and 

435,  fiff.  887,  &c 
Compound  kaf:  one  composed  of  two  or 

more  blades,  1(3. 
Compound  pi^U,  29a 
Compoitnd  spike,  raceme^  umbel,  &c.,  216. 
Cbiii/>retsee/:  flattened  on  two  opposite 

sides. 
Comxntric  layen  of  wood,  112, 188. 
Conchi/brm:  shell-shaped. 
Concolored:  all  of  one  color. 
Condilplicate ;   folded  together  length- 
wise, 144,  165. 
Cone:  see  Strobile,  319. 
Confemiminate:  stuck  togetli«rW  their 

adjacent  fiiccs,  as  the  cotyledons  of 

Horsechestnut,  327. 
Conferted:  crowded. 
ConJIuent:  running  together,  or  blended 

into  one. 
Conformed:  similar  to;  or  ddsely  fitted 

to,  as  the  skin  to  the  kernel  of  a 

seed. 
Congested:  crowded  together. 
Congldhaie:  clustered  into  a  balL 
Congtomeraie :  thickly  clustered. 
Conifers,  479. 
Conifiwus:  oone-bearing. 
Conjugate :  coupled ;  in  single  patra. 
Conjugation,  332. 
ComwU:  nnited  or  grown  togetiterfimn 

the  earliest  state,  251. 
Connate-perfoliaU,  166,  flg.  294. 
Conn^tve,aMnect(mm  :  the  part  of  the 

anther  connecting  its  two  cells  or 

lobes,  281,  282. 
Connivent:  converging. 
Qmoidal:  approaching  a  conical  form. 
Consolidated:    when  unlike   parts    are 

grown  together. 
Consolidation,  250. 
Continuous :  not  intermpted. 
Contorted:  twisted,  272. 
ContortupUoate :  twisted  and  folded. 
Contracted:   eidier  narrowed  or  short- 
ened. 
Contrary:  opposite  in  direction  to  eome- 

tiiing  it  is  compared  with,  as  the 

pod  of  Shepherd's  Purse  flattened 

contrary  to  the  partition. 
QSnvoluU  (rolled  up)  or  otfatWiifinf  msd* 

vation,  272. 
Qfnvolute  vernation :  rolled  np  length' 

wise  in  the  bud,  144. 
ConvolvulacesB,  454. 
Copaiva,  414. 
Copal,  414. 
Copalcho-bark,  434. 
Cordate:  heart-shaped;   shaped  like  a 

heart  as  painted  upon  cards,  the 
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sinus,  or  notched  end,  being  at  the 
base ;  fig.  244. 

Cordiaceae,  451. 

CoriaaoHs:  of  A  leatheiy  consistence. 

Cork,  477. 

Cork-y :  of  the  texttnre  of  cork. 

Corky  envelope  or  la^  of  the  bark,  121, 
127. 

Corm  {cormuM)  :  a  solid  bulb,  108. 

Connopkiftes :  plants  having  an  axis 
(root  and  stem),  in  contradistinc- 
tion to  'IhallophyteStd?! 

Comace®,  428. 

Corneous :  of  the  consistence  of  horn. 

CornicnUite:  furnished  with  a  small 
horn. 

Comine,  428. 

Cornute:  furnished  with  a  horn  (comu). 

CoroUa  :  the  inner  of  the  two  floral  en- 
velopes, 222,  275. 

QfToUdceous^  €<froUine:  like  a  corolla  in 
appearance  or  texture,  or  belong- 
ing to  the  corolla. 

Cenfna :  a  crown,  such  as  the  append- 
age at  the  top  of  the  claw  of  the 
petals  of  Silene ;  246,  fig.  378. 

Coronate  :  bearing  a  crown. 

Cortex :  the  bark  or  rind. 

Cortical:  pertaining  to  the  bark. 

Qfrticale  :  furnished  with  a  distinct  rind. 

Cdrymb :  a  convex  or  flat-topped  flower- 
cluster,  211. 

Qfnpulose:  disposed  in,  or  resembling, 
corymbs. 

Costa :  a  rib,  or  midrib. 

Costate :  ribbed,  or  with  a  midrib. 

Cotton,  44,  398. 

Cotyledons:  the  flrst  leaves  of  the  em- 
,  bryo ;  seed-leaves,  71, 324. 

Cotyliform :  dish-shaped* 

Coumarin.  414. 

Cowitch,  415. 

Cranberry,  439. 

Crassulaccte,  423. 

Crate'rifonn :  goblet-shaped. 

Creeping:  running  on  or  beneath  the 
ground  and  rooting,  102. 

Cr€mocarp  :  the  fruit  of  Umbelliferas, 
425. 

Cremtte,  or  crenelM:  the  margin  fur- 
nished with  even  and  rounded 
notches  or  scallops  ;  159,  fig.  256. 

Cr€nulate :  diminutive  of  Crenate. 

CrescentieiB,  447. 

Crtsted:  see  Cristate. 

Cribrose:  pierced  with  holes  like  a 
sieve. 

Crinite :  bearded  with  long  hairs. 

Crispate:  curled. 

Cristate :  crested  ;  bearing  any  elevated 
appcndajre  on  its  surfaice. 

CrossircKiis :  individuals  originated  by 

45 


fertilizing  one  variety  or  species  by 
another,  356, 357. 

Crowberry,  474. 

Croum  (246,  279,  fig.  378) :  see  Corona. 

Crowned :  see  Coronate. 

Crowning:  borne  on  the  apex  of  any 
org^n. 

Cruciate,  or  cruciform :  cross-shaped, 
277,  as  the  corolU  of  the  Mustard 
family,  fig.  405. 

Cruciferas,  389. 

Crude  sap,  53,  190. 

Crustaceous :  crusty  in  texture,  hard 
and  brittle. 

Cryptogam ia,  513. 

Cryptdgamous  or  cryptogamie :  relat- 
ing to 

Cryptogamous  Phints,  69,  330,  499. 

Crystals,  59. 

C*kuflate,  or  cucullijbrm :  hooded  or 
hood-shaped  ;  rolled  up  like  a  cor- 
net of  paper,  503. 

Cucumber,  423. 

CucurbitacesB,  423. 

Culm:  a  straw,  or  straw-like  stem,  101. 

Cuhrate:  shaped  like  a  broad  knife- 
blade. 

Qineate,  or  am€ifarm :  wedge-shaped ; 
broad  above,  and  narrowed  to  the 
base,  with  straight  sides ;  fig.  235. 

CunoniacesB,  or  Cunoniese,  525. 

CnpressinesB,  480. 

Cup-shaped^  cnptiliform:  hemispherical, 
and  hollow  aliove. 

Olpulate :  furnished  with  a 

Cupide,  or  cUptda :  the  aeom-cup,  314. 

Cupuliferae,  476. 

Curled:  irregularly  folded  and  crimped. 

Currant,  421. 

Curvinerved,  158,  fig.  236. 

Curviserial:  in  curved  ranks,  141. 

Cuscutese,  or  CuscntinesB,  455. 

Cushion :  the  swollen  base  of  a  leaf- 
stalk, or  the  enlaigement  below  th^ 
insertion  of  many  leaves. 

Ohpidate :  tipped  with  a  eusp,  or  sharp 
and  rigid  point ;  162,  fig.  275. 

Custard- Apple,  382. 

Cut :  see  Incised,  or  Dissected. 

Ciilide :  the  outer  skin  or  pellicle  ef  the 
epidermis,  149. 

Cydthtjbrm:  cup-shaped. 

Cycadaceaj,  481. 

Cycle :  one  complete  turn  of  a  spire ;  a 
circle. 

COdical :  coiled  into  a  full  circle. 

CycUfsis  :  circulation  in  cells,  31. 

Cylindraceous:  approaching  to  the 

Cylindrical:  circular  in  transverse  oat- 
line  and  tapering  gradually,  if  al 
all,  as  in  most  stems. 

Ojinbccform:  boat-shaped. 
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Cyme  (njma) :  k  cla<;tcr  of  centrifugal 
intiorcsccnccs,  218. 

Cumose :  bearing  cymes,  or  cyme-like. 

Gjmvde  {qfrnnlaj :  a  cymeUi^  or  little 
cyme,  218. 

Cynarrhodium :  such  a  ftoiit  as  that  of 
Hose  (fig.  429)  aod  Calycanthos, 
fig.  815,819. 

Cypcraccie,  496. 

Cypsela :  an  achenium  with  an  adher- 
ent calyx-tube,  as  iu  Composite. 

Cystidium :  a  utricle. 

Cystolithes,  60. 

CytoUiist :   the  nucleus  of  a  regetable 

Dammer  Pitch,  400. 

Deca-f  in  words  of  Greek  derivation : 
ten  ;  as  in 

Decagynia,  515. 

IkabiyiiOM :  with  ten  pistils  o\p  styles. 

lM:dinerott8 :  the  parts  in  tens,  234. 

Dccandria,  512. 

Decdndrous :  with  ten  stamens,  280. 

Decap4Halous :  witli  ten  petals,  276. 

Deciduous :  falling  oflT,  or  subject  to 
full;  as  petals  falling  after  blos- 
soming, 279,  and  leaves  before 
winter,  172. 

Difdinute,  declinfd:  turned  to  one  side. 

I/ctviiiftoHiid:  several  times  oompoond- 
eil,  165. 

Dectimbent :  reclined  on  the  ground,  the 
summit  rising,  102. 

Deciirrent:  prolonged  below  the  inser- 
tion, as  the  leaves  of  the  Tlmtle, 
170. 

DectUstUe :  the  successive  pairs  crossing 
each  otiier  at  right  angles,  142. 

Dedupltcation  {d^domUmenl),  243. 

l\/mde :  of  a  fixed  number,  and  not 
above  twelve  or  twenty. 

Dp  finite  yrowih,  100. 

Definite  injloretcenct^  217. 

Dejiexed:  bent  downwards. 

Dejldrale:  past  the  flowering  state. 

Defoliate :  having  cast  its  leaves. 

Dthifceni  fruits,  &c.,  315  ;  opening  by 

Dehiscence :  splitting,  as  do  pods,3 11,316. 
'*        of  anthers,  283. 

Deliquescent:  the  stem  dissolving  into 
branches,  99. 

D^oid:  shaped  like  the  Greek  capital  A. 

Demersed:  growing  under  water. 

Dendi-oidj  dendritic :  tree-like. 

Dentate :  same  as  toothed  ;  1 59,  fig.  255. 

Denticulate  :  furnished  with  fine  toeth,  or 
denticulations. 

Denddate :  made  naked. 

Dffiauperate :  dwarfed  in  size. 

Depressed:  flattened  vcrticaUyor  from 
above. 


Descending:  tending  gradually  down- 

wanb. 
Descending  axis,  72,  79. 
Desmidise,  or  Desmidiaoeas,  510. 
Determinate  inflorescence,  217. 
Descriptive  litany,  15. 
Development,  19. 
Dextrine,  54,  193. 
Dextrorse :  towards  the  right. 
Z>t-,  in  Greek  compounds ;  two. 
Diadclphia,  513. 
Diatkfphous:    stamens  united  bv  their 

filaments  in  two  sets ;  280,  ng.  461. 
Diandria,  512. 

Didndrous :  with  two  stamens,  279. 
Diagnosis:  a  brief  essential  character. 
DimypAalous :  of  distinct  petals. 
Diapensiace»,  454. 
Didphanous:  transparent 
DiatomaceiB,  510. 
Dicdrpellary :  of  two  carpels. 
Dichlamydeous :  with  both  calyx  and 

corolla. 
DichondresB,  455. 

Dichdtoiuous :  forking  into  two  branches. 
DiclOtous :  with  the  stamens  and  pistils 

in  separate  blossoms,  261. 
Dicdccous :  separable  into  two  coccL 
Diootul^donous :  having  a  pair  of  cotylo* 

dons,  78,  326. 
Dicotyledons,  Dicotyledonous  Plants* 

114,326,370. 
Dtdynums:  twin. 
Didyni£mia,  512. 
Diaj^namo\u :  with  two  long  and  two 

shorter  stamens,  258,  281. 
Difformed:  of  unusual  shape. 
Diffuse :  widely  and  loosely  spreading. 
Digamous:  having  flowers  of  two  d^ 

ferent  sexes. 
Digestion,  190. 
Digitate  (fingered) :  compound,  with  the 

parts  all  arising  from  the  same 

point ;  163,  fig.  277. 
Digitately  tri -plurifoliolate,  164. 
Digynia,  515. 

DCgunous :  with  two  pistils  or  styles,  287. 
DillenioccsB,  380.  • 

Ddnerous :  the  parts  in  twos,  2M.  239. 
Dimidiate:  halved,  or  appearing  aii  if 

one  half  or  side  were  wanting,  283. 
Dimdrpkous :  of  two  forms. 
Dicecia,  513. 
DioDcious :  with  stamens  and  pistils  in 

separate    blossoms    on    dificrenfc 

individuals,  262. 
DioscoreacesB,  492. 
Diosmese,  407. 

Diftetahns :  of  two  petals,  276. 
Diph^Uous :  two-leaved,  275. 
Diploste'monoits :    stamens    double   the 

petals  dr  sepals  in  number. 
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Dipsacee,  435. 

Dipterocarpcie,  400. 

Dipterous:  two-winged. 

Diaciform:  disk-fihape ;  flat  and  drcn- 
lar,  like  a  disk  or  quoit. 

Diacddalf  discoid:  like  a  disk;  or  be- 
longing to  the  disk,*  destituto  of 
ravs,  436. 

tHsipaioM  '  of  two  sepals. 

Disk,  or  disc :  a  fleshy  expansion  of  the 
receptacle  of  a  flower,  267  :  the 
central  port  of  a  head  of  flowers, 
as  opposed  to  the  border,  436 ;  the 
face  of  any  flat  body,  as  opposed 
to  the  margins. 

Disk-bearing  w<K)djr  tissae,  43. 

Disk-flowers,  436. 

Dissected:  cut  into  pieces,  or  nearly  so. 

Dissepiment :  the  partition  of  a  pod,  291. 

Dissilient :  bursting  in  pieces. 

Distichous:  in  two  ▼ertical  ranks,  134. 

Distinct:  when  parts  of  the  same  name 
are  unconnected,  251. 

Divdricate:  straddling  widely. 

Divergent:  separating,  their  summits 
inclining  from  each  other. 

Divided:  cut  into  distinct  portions; 
160,  flg.  263,  267. 

Dodeca-:  in  Greek  derivatives  ;  twelve. 

I)odecag}-nia,  515. 

Dodecdgi/nous :  with  twelve  pistils  or 
styles. 

I>odccandria,512. 

Dodecdndrous :  with  twelve  (or  from 
twelve  to  nineteen)  stamens,  280. 

Doidbriform  :  axe-shaped. 

Dorsal)  belonging  to  the  back  ((fDmim). 

Dorsal  suture,  280. 

Dotted  ducts,  38. 

Dotted  leaves,  &<*.:  marked  with  small 
spots,  cither  colored,  or  transparent 
and  appearing  like  punctures. 

Double  flowers  :  monstrous  blossoms, 
with  the  petals  unduly  multiplied, 
222,229. 

thuUg  compound,  164. 

Downy :  clothed  with  soft  pubescence. 

Drdgon's  blood,  414,  493. 

Droseraceie,  394. 

Drupaceous :  like  or  pertaining  to  a 

Drupe:  a  stone-fruit,  812. 

Drupelet :  a  diminutive  drupe,  313. 

t)ryadcie,  418. 

Ducts,  Ab. 

Dumoae:  bushy. 

Duplicate  :  doubled  or  folded. 

Durdmen:  heart-wood,  126. 

Dwarf:  comparatively  low  in  stature. 

£',  or  Ex',  as  a  preflx,  means  destitute 
of ;  as,  ecostate,  riblcss ;  exathumi- 
neus,  without  albumen,  &c 


Eared:  see  Auriculate. 

Earthy  constituents  of  plants,  179, 186, 

EbcnacesB^  442. 

Eb€neous :  black  like  ebony. 

Ebony,  442. 

Ebrdcteate :  destitute  of  bracts. 

Ebrdcteolate :  destitute  of  bractlets. 

EbfimfoHs :.  white  like  ivoiy. 

Eddnate:  beset  with  prickles  (like  % 
hedgehog-). 

Echfnulate:  rough  with  small  prickles. 

Ed^ntaU:  toothless. 

Effete:  past  the  perfect  or  productive 
state. 

EffUse:  very  loosely  spreading. 

hglandulose:  destitute  of  glandk. 

Elaborated  sap,  53. 

Elaeagnaceie,  467« 

Elaters,  40,  505. 

Elatinacen,  395. 

Elementary  constituents  of  plants,  179. 

Elementaru  structure  of  plants,  1 7. 

Ellipsoidal:  approaching  the  form  of 

Elliptical:  oval  or  oblong,  and  with 
both  ends  similar  and  legulariy 
rounded. 

Emarginate:  notched  at  the  end;  162, 
fig.  273. 

Embracing  J  surrounding,  as  by  a  broad 
.     attacnment 

Embryo:  the  rudimentary  plantletin  a 
seed,  71,323. 

Emibryo-sac^^OA, 

Embryogeny :  the^  formation  of  the  em- 
bryo, 304. 

Embryonal  vesicle,  806. 

Emeried  :  raised  out  of  iwater. 

Emetine,  433. 

Enantiobldstous :  with  the  embryo  at  the 
«nd  of  the  (orthotropous)  seed  dia- 
metrically opposite  tne  hilum,  as  in 
Tradescantia. 

Endecagynia,  515. 

Endecdgynousj  with  eleven  pistils  or 
.     styles. 

Endocarp :  the  inner  layer  of  a  pericarp, 
,      310,312. 

Endochrome:  the  coloring  matter  of  • 

/      Alg«. 

Endogcn,  Enddgene,  End(5genons 
Plants,  113,370,482. 

Enddgenous  structure,  113,  114. 

Endof^laum:  inner  bark,  120. 

EndopUiira:  the  innermost  seed-coat, 
321. 

EndorhizsB :  a  synonyme  for  Endogens. 

EndorfUzal:  said  of 'an  embryo  which 
has  the  radicle  sheathed  by  the 
cotyledon  or  plumule  wrapped 
around  it 

Endo^mdse,  or  Endosmdsis,  33. 

E'udosperm:  the  albumen  of  the  seec(f. 
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espocialljwhcii  this  is  formed  in  the 
j,      emhryo-Bac  of  the  ovule,  322,  823. 
Endostome:    the   orifice  of  the  inner 

coat  of  the  ovnie,  298. 
Endoth^um:  the  inner  lining'  of  the 

cells  of  an  anther. 
Enerved:  nerveless. 
Ennea- :  nine ;  as  in 
Enneag^nia,  515. 

Ennedgi/nom :  with  nine  pistils  or  styles. 
Enneandria,  512. 
Ennedndroug :  with  nine  stamens. 
Enneap^alom :  nine-petalled,  276. 
Enddal:  without  a  node. 
Entate :  same  as 
Emi/orm:  sword-shaped. 
Entire :  the  mai^n  whole  and  even, 

not  toothed  or  cut,  158,  275. 
Entophiftea:  plants  parasitic  within  oth- 
er plants. 
Epacrioeae,  440. 
Ephemeral :  lasting  bnt  a  day. 
J^'t  ™  Greek  componnds  :  npon. 
Epicdtjfx:  an  involacel  resembling  an 

exterior  calyx,  as  in  Mallow.  • 
Efkarp:  the  oatermost  layer  of  a  peri- 
carp, 310. 
Ejnchtiium :  the  npper  part  of  the  lip  of 

an  Orchid,  when  diflferent  from  the 

lover. 
Emctfroliine  i  npon  the  corolla. 
Epidentud :  relating  to  the 
Epidermis:  the  skin  of  a  plant;  51, 

122,  148. 
Epigchus :  groWing  on  or  close  to  the 

ground. 
Epigynota :  npon  the  ovary,  252,  268, 

28U 
EpipAalmu  t  npon  the  corolla,  281 . 
Emphldum :  onter  or  corky  bark,  121. 
EpiphyUMB :  npon  a  leaf. 
EpiMtcU,  or  epiphytit :  relating  to 
E'piphytesy   plants  growing  affixed  to 

another  plant,  but  not  nourished 

by  it,  87. 
Epfpterofti  :  winged  at  the  top. 
Episperm :  the  outer  seed-coat,  320. 
•  Equal:  regular,  or  of  the  same  leng& 

or  number,  as  the  case  may  be. 
Equilateral:  equal-sided. 
EquisetaccsB,  499. 

E'quitani:  riding  straddle,  145, 165. 
ErianthauB:  woolly-flowered. 
Ericaoeie,  439. 
£ipt,  498. 
Enocanlonacefe,  496. 
Briogonese,  466. 
Erase:  eroded,  as  if  gnawed. 
Ertktrate:  not  beak^. 
Escallonieie,  425. 
Eaaential  organs  of  the  flower,  222. 
EstivtUion:  see  Estivation. 


Etteno :  a  name  for  such  a  fruit  as  • 
raspl>erry.and  blackberry. 

EuphoroiaccA)  471. 

Evolved,  or  evdlvufar  :  valvelcss. 

Evergreen :  holding  the  leaves  over  win- 
ter or  longer,  1 72. 

ExallMmimms:  without  albumen,  323. 

Excentric :  out  of  the  eentre,  325 ;  one- 
sided. 

Excretions,  57, 1 78. 

Excttrrent :  protruding  beyond  the  apex, 
as  when  the  midrib  of  a  leaf  pro- 
jects :  or  running  to  the  rerv  sum- 
mit, as  the  main  stem  of  a  j^ir,  99. 

Exhalation,  175. 

E*xocarp :  the  onter  layer  of  a  pericarp, 

,      3>2. 

Exogen,  Ex<%ene,  Exogenous  Plants, 
113,  370. 

Exogenous  structure,  1 13,  II 6. 

Exorhizie :  a  synonyme  of  Exogens  ; 
the  radicle  in  these  being 

Exorhisal:  not  enclosed  or  sheathed 
by  the  cotyledons  or  plumule. 

Exosmdse,  or  £xosm6siSt  33. 

E'xostome  :  the  orifice  of  the  outer  coal 
of  an  ovule,  298. 

Exosidsis :  an  indurated  protuberance. 

Exothecium :  outer  coat  of  the  anther. 

E'xplanate:  outspread  or  broadly  flat- 
tened. 

Exserted,  exs&t :  protruding  beyond,  as 
the  stamens  out  of  tM  corolla  ia 
fig.  450. 

ExtHip^date  T  destitute  of  stipules,  171. 

Exterior:  as  applied  to  the  parts  of  a 
blossom,  tke  same  as  anterior, 

Extine :  the  outer  cOat  t>f  a  pollen-grain, 
286. 

Extra'oxillary :  out  «f  the  axil,  99, 
220. 

Extrorse  :  turned  outwards,  282. 

Fades :  the  general  aspect 

Falcate,  Julei/orm :  scythe-shaped ;  flat 

and  curved,  the  edges  paralld. 
Families,  359. 

Fan-sltaped:  see  Flabdlifonn. 
Farina :  starch,  54. 

Farinaceous:  mealy ; containing starcli. 
Fdrinose :  covered  with  mealv  powder. 
Fdsdate  :  banded ;  applied  also  to  moD- 

strons  stems  whioi  grow  flat 
FoM^aticn:  th«  singiil.r1nc>i>stnnit  ex- 

Sansion  of  stems,  &c.  as  in  the  gar- 
en  Cock's-comb. 
Fdtcide:  a  dose  cyme  or   cluster  of 
flowers,  219;  a  bundle  of  leaves 
crowded  like  those  of  the  Larch, 


fig.  213. 
Fascicled: 


Fascicled:  growing  in  tufts  or  dusters, 
84,  142. 
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FatcSnSatB:  In  small  tufts.  ' 
Fa»t(jiate:  close,  parallel,  and  uprig^ht 
/<i«x  <|)Ly<#iires) :  tlie  gorge  or  tliroat. 
Fdveolate,  favote  :    with  deep  pits,  like 

honeycomb. 
Feather^eined :   having  veins  all  pro- 
ceeding from  a  midrib,  155. 
Feathrnf:  see  plumose. 
Fevuhi:   starch,  54. 
Female  Jlotoer:  see  Fertile  flower. 
Feuestrate:  pierced  with  one  or  more 

holes,  like  windows. 
FerrwfumHtMor/errugutouM:  of  tlie  color 

of  iron-rust. 
Fertile:    capable   of   producing    frait. 

Stamens  are  also  said  to  m  fertile 

when  their  anthers  contain. good 

pollen. 
Fertile   fiower:    one    having    pistils, 

261. 
FertUizationy  300. 
Fibre,  41. 
Fibrils  a  delicate  fibre-like  body;  the 

root-hairs,  81. 
FUtrdlifonH  titMue,  48. 
Filiril!'<me :  bearing  fibrils:   diminutive 

of  fibrous. 
Fibrine,  198. 
FHrtX}tis  ox  fibrose :  composed  of  slender 

tlireads  or  fibres. 
Fibro-vuKuUtr  tissue  or  system,  50. 
Ftddle-*lM)ied:  obovate  and  contracted 

on  each  side. 
Fig,  215,  475,  and  fig.  590-592. 
Ftlutnent :  the  stalk  of  an  anther,  223, 

281.    Or  any  slender  thread. 
Filamentoiu,  or  Jilamentoae :  composed 

of  tlireads  or  filaments. 
Pilices  (Ferns),  500. 
Filicologif:  the  part  of  Botany  which 

treats  of  Ferns. 
Filiform  :  shaped  like  a  thread ;  slender 

and  terete,  166. 
Fdip^ndulouM :  banging  from  a  thread, 

as  the  tuberous  roots  of  Spiraea  fili- 

pcndula. 
FCmbrictte:  fringed;  bordered  by  slen- 
der processes  or  appendages. 
Ffndtrillate  or  Jtmbriili/erout:    diminu- 
tive of  the  hist 
Fingered:  see  Digitate. 
FissCnarous :   propagating  by  division 

mto  two  portions. 
Fitiular  or  FiMtvlose:  hollow  through 

its  length,  as  the  leaves  of  Onion. 
FldbelUae,  or  Jtabdlli/orm :  fan-shaped ; 

broadly    wedge-shaped   with    the 

summit  rounded. 
FIaci>nrtiaceae,  392. 
Fidyellate:  heanngjlagefla,  i.  e.  runners, 

like  those  of  the  Strawberry. 
Flag^form:  long,  taper,  and  supple, 

45* 


like  the  thong  of  a  whip  ;  runner- 
like. 

Fltweacent :  yellowish  or  pale  yellow. 

Fiamus:  yellow. 

FUuc,  402. 

Fleshy :  succulent,  or  of  the  consistence 
of  flesh,  84, 

FUxHoee,  or  JtexHoug:  zigzag ;  bent  alter- 
nately inwards  and  outwards. 

Floating:  growing  on  the  surface  of 
water. 

Floccovt:  bearing  or  clothed  with  locks 
of  soft  hairs  or  wool. 

Flora  (tlie  goddess  of  flowers) :  the  ag- 
gregate of  the  species  of  plants  of  a 
country ;  or  a  work  systematically 
describing  them. 

Floral:  belonging  to  the  flower. 

Floral  envelopet:  flower-leaves,  222, 268 

Florttcetux:  same  as  anthesis. 

Floret:  a  small  flower,  or  a  separate 
blossom  of  a  so-called  compound 
flower. 

Floridcfe,  509. 

FloriftrouM:  flower-bearing. 

Flifsculoiu:  composed  of  or  bcaring^Zof- 
ctili,  i.  e.  florets ;  or  compowd  of 
tubular  flowers  only. 

Flower,  70,  221. 

Flower-liud,  209,  224. 

Flowering,  204. 

Flowering  Plants,  69, 369,  375. 

Flowerless  Plants,  69,  330,  499. 

Fluitant:  floating  on  water. 

Hiiviatile  :  belonging  to  flowing  water. 

Fly-traps,  168. 

Foliaceout:  leaf-like,  L  e.  thin,  membra- 
naceous and  green;  or  bearing 
leaves. 

Foliar:  belonging  to  leaves  (folia). 

Foliation :  leafing  out 

Foliate :  clothed  with  leaves  ;  or,  with  a 
numeral  prefix,  denoting  the  num- 
ber of  leaves  ;  as,  bifoliate,  two- 
leaved  :  trifoliate,  three-leaved,  &c. 

Fdliolate:  consisting  of  leaflets  (/^ 
liola) ;  as,  bifoliate,  a  leaf  havmg 
two  leaflets,  or  trifoliolate,  having 
three  leaflets,  &c. 

Fdliooe:  bearing  numerous  leaves. 

Follicle:  a  simple  pod  opening  down 
one  side ;  315,  fig.  679. 

Follicular,  of  the  nature  of  a  follicle. 

Fordtnen :  an  aperture  or  orifice,  298. 

Foraminnlom :  pierced  with  small  holes. 

FbreipaU :  forked  like  a  pair  of  pincers. 

Forked:  branching  into  two  or  more 
divisions. 

Fornicate:  arched  over,  bearing  a 

Fornix,  \A,f&mice9:  little  arched  scales 
in  the  throat  of  a  corolla,  as  in 
that  of  Hound*s-tongue. 
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fdveate:  pitted,  hurmg-yoww  or  dq>rc8- 
skms  of  the  surfa^ 

FdtJtotate :  marked  with  little  pits  or  ae- 
prcssions  {JbvSbla), 

Fovdke:  minate  particles  in  the  fluid 
contained  in  pollen,  886. 

/Vee;  separate;  not  united  with  dis- 
similar parts,  250. 

Fringed :  sec  Fimbriate. 

Frond:  the  folia^  OP  Ferns  (500), 
Lirerworts  (504),  &c.,  67. 

Frondacenct :  the  act  of  leafing. 

Frondoge :  leafjr,  or  more  commonly  it 
now  means  fVond-like,  or  producing 
ayrofxf  instead  of  ordinary  foliage, 
504. 

Fructifieation :  fruiting,  or  the  fruit  and 
what  attends  it. 

Fmcttficatim,  organM  of:  the  stamens 
and  pistils. 

Fruit,  308. 

Fruit-doU,  of  Ferns,  501. 

FrumentaceouM :  producing  starch,  or  re- 
lating to  com  {fntmentum). 

FnittuUm :  consisting  of  small  portions 
or  fragments. 

FnUetcent :  becoming  shruT>br. 

FrutScidote :  very  snutll  and  stimbbj'. 

Fniticoie :  shrubby  j  relating  to  a 

/filter  .•  a  shrub.  ' 

Fucaceae,  509. 

Fugaciont;  falling  off  or  perishing  rery 
early,  as  the  calyx  of  the  Poppy, 
and  the  corolla  of  Cistns ;  172. 

Fulcrate:  belonging  to  or  furnished  with 
fvifcra  (props),  i.  e.  with  append- 
ages such  as  tendrils,  prickles,  stip- 
ules, &c. 

Fidiginous^  or  fuliginom:  sooty;  dark 
and  deep  brown. 

Fulvous:  tawny:  oraoge-yellow  mixed 
with  gray* 

Fumariaccse,  S89« 

FundamentcU  organs,  70. 

Fungi,  507. 

Fungiform:  mushroom-shaped. 

Ftngwiform :  diminutiTe  of  the  last. 

Fuwfoee :  spongy  in  texture. 

Funiculus :  the  seed-stalk,  297, 321. 

Fumel-skaped,  Junnel-form :  see  Infun- 
dibuliform,  277. 

Furcate :  forked,  the  forks  spreading. 

Furfuruceoug  :  scurfy. 

Fttnvwed:  seeSuIc^te. 

Fuscous:  grarish-brown. 

Ftlsiform :  spindle-«haped ;  84,  fig.  138. 

Fustic,  475. 

Galbanum,  427. 

Galbuhts:  a  fleshy  and  closed  strobile 
imiuting  a  berry,  as  a  Juniper- 
berry,  320. 


Galea :  a  helmet ;  an  ardied  sepal  or 
petal,  278,  fig.  458. 

Cdleate .-  baring,  or  shaped  like,  a  bcl* 
met. 

Galingale,  490. 

Galls,  477. 

Gamboge,  400. 

Gdmophifilous :  composed  of  lesyea 
united  by  their  edges,  275.  \ 

Gamop^tahus  :  composed  of  united  po- 
tals,  249,  275. 

Gawnm^palous :  of  united  sepab,  249. 

Gelatinous  coils  in  cells,  40. 

Geminate :  in  pairs. 

Gemma:  a  bud  or  growing  point. 

Gemmation:  budding  growth,  31. 

G^mmuk :  a  young  bi^ ;  the  plumule. 

Crenera :  plural  ofgemu. 

General:  the  opposite  of  partial ;  asditf 

General  involucre  of  a  compoand  um- 
bel, Ac  216. 

Generic:  relatii^  to  the  genus. 

Geniculate:  bent  abruptly  like  a  knee. 

GentianacesB,  456. 

Gentianine  (Gentian),  457. 

Genus,  358. 

Geographical  Botany :  the  study  of 
plants  in  respect  to  their  geograph- 
ical distribution. 

Geraniacese,  403. 

Germ  :  the  eye  of  a  bud ;  or  any  grow- 
ing point ;  or  an  embryo,  323. 

Germen :  an  old  namofbr  the  oyary. 

Germinal  vesicle,  306. 

Germination  :  growth  of  the  embryo 
from  the  seed,  71, 328. 

Gervntotjdous :  belonging  to  the  Old 
Worid. 

Gesneriaceie,  44. 

Gibber :  an  enlargement,  or  gibbosity^ 
of  any  sort,  on  one  side  ofa  calyx, 
a  fruit,  &c. 

Gibberose  or  gibbous:  swollen  or  en- 
larged on  one  side. 

Gills  of  Fungi,  500. 

Ginger,  490. 

Ginseng,  428. 

Glabrous  :  smooth,  L  o.  destitute  ofluur- 
iness. 

Glabrate :  smoothed,  or  becoming  near- 
ly glabrous. 

Gfddiate:  sword-shaped. 

Glands:  any  secreting  apparatus,  53. 
The  name  is  also  giren  to  any  pro* 
jection  or  appendage  the  nature 
and  function  of  which  is  not  obyi- 
ous,  264.  Glan9  is  also  the  classi- 
cal name  of  an  acorn  and  chestnut, 

Ghndular,  glctnduliferous,  ghnduhse  .* 
bearing  glands,  or  gland-like  in 
texture. 

Glattdular  hairs,  52. 
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Glandular  vrtothf  tiimue,  4S. 

Olareose:  growing  in  gravelly  places. 

O'lauctsceut:  verging  upon  or  slightly 

CtaucoHs:  covcixnI  with  a  whitish  bloom, 
which  rubs  off,  as  the  sorfaoe  of  a 
cabbage-leaf  or  a  plam,  or  so 
whitened  as  to  app^  to  have  a 
bloom,  56. 

Globose :  spherical  or  nearly  so. 

Clobukw :  nearly  globose  or  spheri- 
cal. 

Glochidfow,  or  pfochtdhte  :  barbed ; 
hooked  back  at  the  point,  like  the 
barb  of  a  fish-lMx>k,  or  with  two  or 
more  such  bnrhs  at  the  point 

Glomerate  :  clustered  into  a 

Glifmentle :  a  capitate  cyme,  t  e.  a  cyme 
condensed  into  a  head,  219. 

Olotaoloffi/:  the  department  of  Botany 
which  cxphiins  the  technical  tcrma 
of  tlie  science,  15. 

GlwHoreoits.'  bearing,  or  resembling 
glumes. 

Ghme :  one  of  the  husks  or  chaff  of 
Grasses,  &c.,  497. 

Glumelie :  an  inner  glume  or  pakcu 

Gluten,  197. 

Glntine,  198. 

Gtimphove :  a  stalk  elevating  both  sta- 
mens and  pistil,  267. 

Gooseberry,  421. 

Gosstfpine:  cottony. 

Gourd  (a  pepo),  423. 

Grafting,  100. 

Grain,  314. 

G^aminc«e,  497. 

Granndilla,  422. 

Granular :  composed  of  grains  or  gran- 
ules. 

Granulute:  composed  of  little  kernels 
or  coarse  grains. 

Granules :  any  minute  particles. 

Grape,  408. 

Gretm  layer  of  the  bark,  121. 

Grossulacese,  420. 

Grumous,  or  gntmose:  consisting  of 
clustered  grains. 

Gnaiacum,  405. 

Guava,  418. 

Gum  Animi,  400.  Gum  Arabic,  414. 
Gum  Klemi,  407.  Gum  Traga- 
canth  and  Senegal,  414. 

Gutta-percha,  57. 

Guttate  :  sprinkled  with  colored  dots  or 
small  spots. 

Gnttifcne,  400. 

Gipnnocdrpout :  naked-fruited. 

Gymnospermia,  315. 

Gymnoep^rmou* :  naked-seeded,  296. 

Gymnospcrms,  or  Gvmnospermous 
Plants,  297,  371,4:9. 

Gyniciuin :  the  pistils  of  a  flower,  223. 


Gynandria,  513 

Gyndudrous :  stamens  borne  on  the  pis- 
til, esi>ecially  on  the  stylo;  25J, 
281,  fig.  468. 

Gjfnobane :  the  base  of  a  style,  or  sum- 
mit of  a  receptacle,  on  or  around 
which  two  or  more  carpels  are  hi- 
sertcd,  as  in  Rue,  Sage,  Geranium, 
&c.,  267. 

G})nophore:  the  stalk  of  a  pistil,  267. 

Gyrate  or  gyroae :  bent  round,  or  bent 
back  and  forth. 

Habit  {FlabitHs) :  the  general  aspect  of 

a  plant 
Habitat :  the  habitation,  or  sitnntion  in 

which  a  plant  is  naturally  found. 
Hackberry,  474. 
Uasmatine,  414. 
Hoimoduraecce,  492. 
Hairs,  52. 
Hairy:    clothed  or  beset  with  hnirs, 

which  are  separately  didtinguiiih- 

able. 
Halberd'shapedf  or  Halberd-lieaded :  see 

Hastate. 
HaloragesB,  420. 
Halved:  see  Dimidiate ;  appearing  as  if 

one  half  was  alisent 
Hamamelacese,  425. 
Hamate f  or  hamose:  hooked. 
Htimuloee :  diminutive  of  hamate. 
Hastate :  halberd-headi^ ;  shn^icd  like 

a  halberd,  viz.  wiih  a  spi\>ading 

lobe  at  the  base  on  each  side ;  157, 

fig.  250. 
Hazelnut,  476. 
Head:     see     Capitulum ;     213,     fig. 

320,  &c. 
Headed :  same  as  capitate. 
Heart-shaped :  see  Cordate. 
Heart-wood,  35,  124,  126. 
He'betaie:  blunted,  having  a  soft  obtuse 

point 
Hdicoid :   coiled  into  a  helix  or  snail- 
shell,  or  tending  to  bo  rolled  up ; 

as  in  Fig.  332. 
Hflmet :  see  Galea,  278. 
Hdobious :  living  in  marshes. 
H^tvlous:   grayish-yellow  mixed  with 

^  some  red. 
Hemi'  in  Greek  derivatives :  halved  or 

half;  as 
Hemi-andtropous :  half-anatropous. 
H€micarp :  a  half-fruit  of  Umbellifera  ^ 

same  as  mericarp. 
Hem(tropal,  or  Itemitropous :  nearly  the- 

same  as  amphitropous. 
Hemp,  475. 
Ilcpaticao,  503. 
Hepta :  the  Greek  nnmemi  seven,  used 

in  the  following  compounds. 
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Hq)tapryniA,  515. 

UepldgifnimB:  having  seven  pistils  or 

styles. 
neptdtneroiu :  the  parts  in  sevens. 
Hcptandria,  512. 

Ueptdndrous :  with  seven  stamens,  S80. 
Ilrptap^aloui :  of  seven  petals,  276. 
Jferb,  101. 

Ilerifaceoug :  not  woody ;  of  a  soft  text- 
ure like  an  herb,  101,  102. 
Herbarium :  the  botanist's  collection  of 

dried  specimens  of  plants,  618. 
HertRdphroaiie :  bisexuaU  261. 
Iit$peridium :  a  firm-rinded  beny  like 

an  orange,  311. 
H^ero-^  in  Greek  derivatives :  nnlike;  as 
Jltterocdrpous:  having  two  kinds  of  fruit. 
Heteroc^flhaioui :  bearing  two  kinds  of 

heads ;  as  in  Baccharis. 
JTeterodnSmoiiSf  140. 
Jleterdffamotu :   bearing   two    sorts   of 

flowers,  436. 
Heterogeneous :  of  two  or  more  kinds. 
HeterdtropouSf  or  ketenftropal,  ovnle  or 

seed  :  same  as  amphitropous,  300. 
Hexa-,  in  Greek  derivatives ;  six. 
Hexagynia,  515. 
Hextlffjfnowt :    having    six    pistils    or 

styles. 
Hexdmeixms :  the  parts  in  sixes,  234. 
Ilcxandria,  512. 

JJexdndrouB :  with  six  stamens,  279. 
Hexap^laloM:  six-petaUed,  276. 
Hexaphifllout:  six-leaved,  275. 
Jlerdpierout :  six-winged. 
Hexas^palouB:  with  six  sepals,  272. 
Hexaat€monou8 :  having  six  stamens. 
Hickory-nut,  476. 
Hidden  veiiied :  where  the  veins  are  not 

visible,  as  those  of  the  leaves  of 

Pinks  and  Honseleeks. 
Hilar :  relating  to  the  hilum. 
Hilum :  the  scar,  or  point  of  attachment 

oftheseed,  297,  321. 
Hippocastanaccs,    or  Hippocastanese, 

410. 
Hippocr€p\form :  horseshoe-shaped. 
Hirtitte:  clothed  with  coarse  hairs. 
Hiipid:  beset  with  stiff  bristly  hairs. 
Hoary :  grayish-white  from  a  fine  pu- 
bescence. 
Homocarpous:  bearing  fruits  all  of  one 

kind. 
fTomodrtfmouB,  or  homodromal,  140. 
Jlomdgamous:  when  all  tlie  flowers  of  a 

head,  &c.  are  alike,  436. 
JTomoff^neons :  all  of  the  same  nature  or 

structure. 
Jlomd'ogous :  of  the  same  name;   said 

of  parts  which  are  of  the  same 

niorpholo<ri(*al  nature ;  e.  g.  bracts, 

sepals,  petals,  stamens,  and  sim- 


ple 
leav 


>le  pistils  are  homologous  with 
saves ;  225,  231 .    See  Analogous. 

Homoiogue  :  an  homologotis  part. 

HofHdmaUous  (leaves,  Ac.) :  originating 
all  round  an  organ,  but  directed  or 
curved  round  to  one  side  of  it. 

Homom&rphimt :  of  one  form. 

HomiUropoM,  or  komolropal  (embryo)  : 
curved  in  the  same  way  as  the  seed, 
as  in  the  Chickwced,  fig.  621. 

Hops,  475. 

Horny:  see  Corneous. 

Hon'xontal  system,  50, 112. 

Hortus  Sicau:  same  as  herbarium. 

Huckleberry,  439. 

Humi/Hse :  spreadmg  flat  on  the  ground. 

Humus,  Humic  add,  57. 

HOaUne  :  transparent,  or  partly  so. 

Iiybrid:  a  cross-breed  between  individ- 
uals of  two  species,  357. 

HydrangiesB,  425. 

HydrocharidaoeiB,  487 

HydroleacesB,  or  Hydrolcie,  452. 

HVdrophyllaoea*,  451. 

HydnphtfU:  a  water-plant. 

Hvdropterides,  502. 

tiuemu:  belonging  to  winter. 

Hjftnfnium :  the  gil&  of  Mushrooms,  Isc, 
507. 

Hymenophyllen,  501. 

HypdnUuum:  a  naked  fleshy  receptade, 
like  a  fig. 

HypericacesB,  394. 

Hifpo-,  in  Greek  derivatives :  under. 

itypochUinm :  the  under  part  of  the  lip 
of  On'hids,  when  jointed  or  other- 
wise distinguishable. 

Hifpocr^U&ifirm,  or,  more  properly, 

HypocratertmdrpkouM  :  saJver-shaped  ; 
i.  e.  with  a  limb  spreading  flat  at 
right  angles  to  the  tube ;  277,  fig. 
457. 

Hyporf(iou8,  or  hypogcean  (flowen  or 
fruits) :  borne  under  grodnd,  76, 
78,  328. 

Hyp&jifnons:  growing  under  the  pistil, 
and  free,  250,  268,  280. 

HgpophylloHS :  growing  on  the  lofwer 
side  of  a  leaf. 

HytteruntkoHM :  plants  whose  leaves  ap- 
pear later  than  the  blossoms,  as 
the  Red  Maple. 

HysUrophytal :  living  on  a  matrix,  either 
of  dead  or  living  organic  matter. 

Hyttavpftytes :  same  as  Fungi,  &c. 

Tco$-,  in  Greek  compounds :  twentj. 

Icosandria,  512. 

Ico$dndrou8:  havrog  20  stamens  or 

inserted  on  tlio  calyx,  280^ 
Illecehrctt,  396. 
Imbibition,  177. 
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Lnbncatef  imbricaietlt  (mbncative:  over- 
lapping, the  outer  coYerin^  the  in- 
ner, and  brcakinfl^  joints,  like  tiles 
on  a  roof,  144,  269. 

Jmmarginate:  not  marfrined. 

Immersed:  growinj^ wholly  underwater. 

Itnpari-pinnaie :  pinnate  with  an  odd 
leaBet;  163,  fig.  288. 

Imjperftct  flowers:  wanting  either  sta- 
mens or  pistils. 

Impregnation :  same  as  fertilisation. 

Inane:  empty. 

Incanous:  noary-white. 

Incised:  cat  irregularly  and  sharply; 
159,  fig.  259. 

Luiuded:  not  projecting  beyond;  en- 
closed. 

Incomplete  flower:  wanting  some  one  or 
more  kinds  of  organs,  259. 

Incrassated:  thickened. 

Incrustations  in  cells,  58. 

rncuboHS :  the  apex  of  each  leaf  lying 
over  the  baise  of  the  next,  as  in 
,  many  llcpaticse. 

Incumbent :  leaning  or  lying  upon : 
said  of  the  cotyledons  when  the 
radicle  lays  agaimtt  the  back  of  one 
of  them,  390,  326,  fig.  705 ;  or 
when  the  anther  lies  on  the  inner 
side  of  the  fiUunent,  282. 

Incurved:  bent  or  curved  inwards. 

Indefinite:  either  uncertJiin  in  num- 
ber, or  too  many  to  be  readily 
counted,  242. 

Indefinite  growth  f  100. 

Indefinite  infloreaceno^  210. 

InMCscent  (fruits) :  not  opening,  at 
least  not  in  a  regular  way,  310, 313. 

Indeterminate  inflorescence,  210. 

India-rubber,  57. 

Indigenous :  of  spontaneous  and  original 
growth  in  a  country. 

Indigo.  414,  415. 

Individual,  20,  131,  352. 

Individuality,  132, 352. 

Indumentum:  any  hairiness  or  downy 
covering. 

Inddplicate :  bent  or  folded  inwards, 
145,  273. 

Indtisium:  iho  proper  covering  of  the 
fruit-dots  of  Ferns;  any  peculiar 
membranous  covering,  501. 

Inequilateral:  unequal-sided. 

Inferior:  underneath,  252;  or  same  as 
anterior:  thus  the  inferior  petal, 
&c.  b  the  same  as  the  anterior  one, 
237. 

Inflated:  bladdery. 

Inflexed:  abruptly  bent  inwards. 

Inflorescence,  209. 

Infra-ariilartf :  originating  below  the 
axiL 


Li/undibular,  in/undCbuUform :  fnnnel- 
shaped ;  i.  e.  a  tube  enlaiging  up- 
wards; 277,  fig.  1049. 

Innate:  borne  directly  on  the  apex  of  a 
thing,  282. 

Innovations :  new  shoots  or  new  growths. 

Inorganic:  unorganised. 

Inorganic  constituents,^  1 79. 

Inosculating:  opening  into  each  other; 
anastbmosmg,  49. 

Inserted:  attached  to,  224,  250. 

Insertion :  the  place  or  the  mode  of  junc- 
tion of  leaves  with  the  stem,  &c., 
133. 

Inter-,  in  composition  :  between  ;  as 

Intercellular :  between  the  cells. 

Intercellular  spaces  or  passages^  24,  50. 

Imtereellular  sgstem,  50. 

Interlaced  tissue,  48. 

Internal  glands,  51. 

Intemodes,  92. 

Interp^iolar :  between  the  petioles,  171. 

Intemtpiedlg  pinnate,  164,  ng.  285. 

Intine:  the  inner  coat  of  a  pollen-grain. 

Intrafldiaceous :  within  or  before  a  leaf, 
171,  as  the  stipules  in  fig.  305. 

Introflexed:  bent  strongly  Inwards. 

Intnkse:  turned  inwanis  towards  the 
axis,  282. 

Ihtmse:  appearing  as  if  pushed  inwards 
or  indented. 

Inverse:  inverted;  suspended. 

Involuc^late:  furnished  with  an 

Involuc^lum,  or  (nvolucel:  a  secondaiy 
or  partial  involucre,  216. 

InvoUkrate:  provided  with  an 

Involikrum,  or  involucre:  an  outer  or 
accessory  covering ;  a  set  of  bracts 
surrounding  a  flower-cluster ;  214, 
fig.  321,  &c. 

Involute :  rolled  inwards,  144,  273. 

Ipecacuanha,  393,  433. 

Iridaceie,  490. 

Irregular :  unequal  in  sise  or  in  shape, 
253,  277. 

Irregularity,  253. 

Irritability,  345. 

IsdchroSs:-  one-colored. 

Isoctineie,  502. 

Isdmerous^  or  istfmeric :  the  parts  equal  in 
number. 

LotUmonous:  the  stamens  as  many  ns 
the  petals  or  sepals. 

Jalap,  455. 

JasminaoesD,  459. 

Jelly,  55,  310. 

Jointed:  separate  or  separable  trans- 
versely into  pieces  (joints),  92. 

Juba:  a  loose  panicle,  as  of  Grasses. 

Juga :  the  ridges  of  the  fruit  of  Umbel- 
liferse,  426. 
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Juga :  the  pairg  of  partial  petioles  or 
leaflets  of  a  pianately-eompotuid 
leaf,  164. 

JufflandaccflB,  476. 

Jajabe,  408. 

Juiu$ :  a  name  for  a  catkin. 

Juhceous :  shaped  like  or  resembling  a 
catkin. 

Jancaecie,  495. 

Jancfigineae,  487. 
1   Jangermanniacese,  50.5. 

Janipcr-berries,  480. 

Jute,  400. 

Ked:  see  Carina,  254. 

Koded:  famished  with  a  keel  or  sharp 

ridge  underneath. 
Kemd  of  an  orole,  297,  or  seed,  322. 
Keff'fruit,  314. 
Ktanof-thaped:  see  Beniform;  157,  fig. 

245. 
Kinedom,362, 15. 
Kinic  acid,  433. 
Kino,  414. 
Knot :  see  Node,  92. 
Knotted:  a  cylindrical  bodj  swoHen  into 

knobs  at  intervals. 
KrameriacesB,  412. 

Labium :  the  lip,  or  lower  petal  of  an 
Orchideous  flower. 

Labiatn,  450. 

Ldbiate:  two-lipped,  278. 

Labiatiflorse,  436. 

Lac,  475. 

jMcdu'ate:  slashed  ;  cut  into  narrow  in- 
cisions ;  these  are  called  lacinia. 

Lactescent:  yielding  milky  juice. 

LdcunoBe :  full  of  depressions  or  exca- 
vations {laainte), 

Laatstrine:  belonging  to  lakes^ 

Ladanum,  394. 

LcBvigate :  smooth  as  if  polished. 

Lag€mftnin :  shaped  like  a  Florence 
flask  (Idgena), 

Lalo,  399. 

LttmiUa :  thin  plates,  like  the  gills  of  an 
Agaric,  507,  &c. 

LdmeUatf  or  Idtnellate :  composed  of  flat 
plates. 

Ldmina  (a  plate) :  the  blade  of  a  leaf, 
petal,  &c.,  145, 276. 

Lanatgy  lanoee:  woolly;  i.  e.  clothed 
with  soft  interlaced  hairs. 

LAnoeoiate:  lance-shaped ;  flg.  239. 

Laniiginoia :  cottony  or  woolly. 

LaXent  hud%,  167. 

Lateral:  belonging,  or  attached  to,  4he 
sides  of  an  oignn. 

Latex:  milky  or  proper  juice,  49. 

Laticifiroat  'tissue  or  i^essels,  49. 

LauraccA,  or  Laurinefe,  466. 


Lax:  loose;   the  opposite  of  close  or 

crowded. 
Layering,  102. 
Leaf,  133. 

Leaf-arrangement  (phyllotaxis),  133. 
Lea/hud,  72,  98. 
Leaf-qreen,  58. 
Leajiet :  a  separate  piece  or  partial  blade 

of  a  compound  leaf,  163. 
Leaf-Mtalk,  145, 170. 
Leaf-scars,  94, 
Leatherg :  see  Foliaceons. 
Tj^gume:  a  fruit  like  a  Pea-pod,  315. 
Legumine,  198. 

LcguminossB  ( Leguminous  Plants),  412. 
Ltguminous:  relating  to  legumes. 
Lemnaces,  486. 
Lemon,  401 . 
Lentibulaces,  445. 
LenticeU :  little  spots  on  the  bark,  whence 

roots  often  issue. 
Lenticular:  lens-«haped;  double-convex. 
Lentiainose:  freckled,  or  dusty-dotted. 
Lepa/s :  sterile  transformed  stamens. 
Lepidate :  leprous  ;  scaly  or  scurfy,  52. 
Leuoanthous:  white-flowered. 
Liber:  the  inner  flbrons  bark,  120,  127. 
Lid:  see  Operculum,  502. 
Lichenes  (Lichens),  505. 
Lichenologg:  the  part  of  Botany  devoted 

to  Lichens. 
Licorice,  414. 

Ligneous :  woody  in  texture. 
Lignine,  36, 195. 
Lignum-vits,  405. 

Liguiate:  strap-shaped,  255 ;  having  a 
Ligufe:  a  strap-shaped  corolla,  255,  flg. 

325,  d;  the  appendage  between  the 

blade  atid  the  sheath  of  the  leaf  in 

Grasses,  170. 
Liguliflorse,  436. 
Ltguliflorous :  when  a  head  consists  of 

liguiate  floyrera  only,  as  Cichory, 

fig.  323. 
LiliacesB,  493. 
Liliaceous:  lily-Iike,  276. 
Limb  {Umbos,  a  border) ;    the  expanded 

part  or  border  of  a  corolla,  calyx, 

&c.,  or  the  lamina  or  blade  of  a 

petal,  &c.,  145,  276. 
LimUtte:  bordered. 
Lime,  401. 
LimnanthacesD,  404. 
Linaceie,  402. 

Line:  the  twelfth  of  an  inch.    (Tn  deci- 
mal measures,  the  tenth  of  an  inch.) 
Linear:  narrow  and  much  longrr  than 

broad,  the  two  maigins  parallel; 

fig.  240. 
LSneate :  marked  with  lines. 
Lfneolatf  :  marked  wiih  fine  or  obscure 

lines. 
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Lingw/onn,  OT  linffulate :  tongne-shapod, 

as  the  leaves  of  Hoand'S'tongue. 
Lip:    the  two  lobes  a  bilabiate  calyx 

or  corolla ;  the  lower  petal  of  an 

Orchidcoas  plaot. 
/JUoral,  or  litorat:  growing  on  sWes. 
JJvid :  pale  lead-c<3or. 
Ijoasaceie,  421. 
Lobe :  any  division  or  projecting  part 

of  an  oipLn,  especially  a  rounded 

one,  275. 
Ldbedf  lobate:   divided  into  lobes ;  fig. 

260,  264. 
LobeliacesB,  438. 

Ldbuiate:  bearing  small  lobes  (fdhuli), 
Ldcellate:  having  secondary  cells   (or 

ioceiU). 
Loc€Um  (plural,  hc«Hk) :  a  secondary 

cell,  or  a  division  of  a  cell. 
Ltfculamentt  316 ;  same  as  loculus. 
Ldcular :  having  cells. 
Locuiiddal^   or    hcuHcide :    dehiscence 

opening  directly  into  the  back  of  a 

cell;  dl6,fig.  583,  585. 
Ldculose :  partitioned  off  into  cells,  as 

the  pith  of  Poke,  &c. 
Ltfeulus  (plural,  loculi) :  the  cells  of  an 

ovary,  anther,  &c. 
Lociista :  a  spikelet  or  flower-dnster  of 

Grasses 
LiSdiciil€8  (iodiculct) :  the  minute  scales 

inside  of  the  paless  of  Grasses,  497. 
Loganiaceffi,  433. 
Logwood,  414. 
LoiHetit:  a  jointed  legume;   315,  fig. 

581. 
Lomentaceous :  bearing  or  resembling  a 

loment. 
•  Longitudinal  tiame  or  tytUm,  45, 50, 112. 
lA>niccre«,  431. 
Loranthaceae,  469. 
Lorate:  tliong<4haped* 
Lucid:  shining. 

Lunate :  crescent  or  half-moon  shaped. 
LUnuiate :  diminutive  of  the  last. 
Lupuline :  waxy  grains  on  the  scales 

of  Hops. 
Lurid:  dingy  brown. 
Lulexent :  yellowish.   {LuUut :  yellow). 
Lycopodidce«,  501. 
I^foftropous,  or  lifcdiropal :  an  orthotro- 

pous  ovule  curved  into  a  hors^ 

shoe  form. 
Lgrate,  lifre^haped,  161,  fig.  138,  27b. 
Lgralfl^  pinnate^  164,  fig.  285. 
Lythraces,  or  Lythaiie«,  418. 

Mace:  the  arillus  of  Nutmeg,  322,  383. 
Maculate:  spotted  or  blotched. 
Madder,  432. 
Maffnoliaces,  381. 
Mahogany,  401. 


Maize,  498. 

Male  flower  t  261. 

Malpighiacee,  409. 

Malpighiaceous  hairs:  hairs    fixed   by 

their  middle,  as  in  the  foregoing 

order,  in  Comus,  &c. 
Malvaces,  397. 
Mdmi/late,  or  mdmillar :  bearing  little 

prominences  on  the  surface. 
Mdmma/orm:  teat-shaped. 
Mammee-apple,  400. 
Mainmose:  bearing  laiger  prominenees, 

like  breasts. 
Mango,  406. 
Man^steen,  400. 
Mamoate  (gloved):    covered    with    a 

woolly  coat  which  may  be  stripped 

off  whole. 
Manilla  hemp,  490. 
Manna,  460. 
Man^-dfft:  cut  as  far  as  the  middle 

mto  several  divisions,  159. 
Many-headed:  see  Multicipital. 
Marantaces  :  see  Cannaceas 
Marceacent:  gradually  withering  with- 
out falling  off,  279. 
Marchantiaceie,  504. 
Marginal :  belonging  to  the  mai^n. 
Marginate :  furnish^  with  a  margin  of 

different  texture  or  color  from  the 

rest. 
Maritime :  belonging  to  the  sea-«hore. 
Markings  on  eeUs^  3,  6. 
Marmorate:  marbled. 
Mnrsiliaceie,  502. 
Mas:  male,  masculine;  belonging  to 

the  stamens. 
Masked:  see  Personate.  278. 
MecUif :  see  Farinaceous. 
Medial:  belonging  to  the  middle. 
Medma:  pith,  118. 
M€duUary  rags,  117,  119. 
Medullary  sheath,  119. 
MeduUose^  or  medullary:  nlth-Uke. 
Meiost^monous :  haviui;  fewer  vtamens 

than  petals.  ^ 

MelanospermeiB,  509. 
Melanthaces,  494. 
MelastomacesB,  4i8. 
MeliacesB,  401. 
Melon,  423. 
MembranaceouSf  or  membranous:  thin  and 

soft,  like  a  membrane. 
Meniscoid:  shaped  like  a  meiuscus  or 

concavo-convex  lens. 
Menispermacea,  383. 
MenyanthideSB,  457. 
Mer^nehyma,  41. 

Me'ricarp :  half  a  cremocarp,  426. 
Merismdtie :  dividing  into  parts,  28. 
M^rithall :  a  name  for  an  intemode. 
Merous^  in  Greek  compounds :  the  p«irt8 
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of  a  flower :  teo  Dimeroiu,  Trime- 
rooSf  Hx. 

Mescmbiyanthemaces,  397. 

M€aocarp :  the  middle  Ujer  of  a  peri- 
carp, 310. 

MetooJddam :  the  middle  bark  or  green 
layer,  121. 

MemtmyUum :  the  parenchyma  of  a  leaf 
oetween  the  skin  of  the  two  sur- 
faces. 

Melamorphoted :  that  which  haa  nnder- 
gont. 

MeiamorphoiiM :  the  transformation  of 
one  organ  into  another  homologous 
one,  228,231. 

^tiaropjfU:  the  orifice  of  a  seed,  298. 

Midnb:  the  central  or  main  rib,  155 

Milky  juice^  49. 

MimosesB,  413. 

Mineral  co/utituenU  of  plants,  179. 

MifdaU:  Tcrmilion-coior, 

Mitri/orm:  mitre^haped,  503. 

MoUuginesB,  395. 

Monadelphia,  513. 

MomuMpkoui:  with  filaments  united 
into  a  tnbe,  or  ring ;  280,  fig.  462. 

Monandria,512. 

Monditdrout :  with  a  single  stamen,  279. 

Mondnthotu:  one-flowered. 

Monilt/orm :  necklace-shaped  ;  cylin- 
drical and  contracted  at  internds. 

MonimiacesB,  382. 

Monkey-bread,  399. 

Months  in  Greek  componnds:  one  or 
single. 

MoHocdrpellary .-  of  one  carpel. 

MonocdrpiCt  or  monocdrpian :  once-fmit- 
ing,  101. 

Monoc€phal<ms :  bearing  a  single  head. 

Monocklamifdeous :  with  a  single  floral 
envelope ;  i.  e.  apeulons,  260. 

Monodinous:  hermapnrodite. 

Monocotyl4doninu :  one-ootyledoned,  79, 
326. 

Jilonocotyledons  or  Monocotyledonons 
Plants,  lis,  326,  370,  482. 

Monoecia,  513. 

MomecioM:  stamens  and  pistils  in  sep- 
arate flowers  on  the  same  individ- 
nal,  262. 

Monogamia,  516. 

Monog}^nia,  515. 

Motukfynotti :  with  one  pistil  or  style,  287. 

Monoicoiu :  same  as  monoecioos. 

Mofufmerotti:  the  parts  of  the  flower 
single,  234. 

Monop^alout:  one-petalled,  but  it  is 
used  for  gamopetaloos,  ria.  petals 
more  or  less  united  into  one  bodv, 
249.  275. 

Monofthylloiu :  one-leaTed,  of  one  piece, 
275. 


Mondpterous :  one-winged. 

3f<mapyrmtotu :  one-stoned. 

MonoiepaUmB:  the  ealyx  of  one  piece, 
249. 

M<mo9pfrm&H$:  one«eeded. 

Matuftlichoiu:  in  one  rertical  rank, 
134. 

MondstyUnu :  with  one  style. 

MonotropesD,  or  Monotropace«,  440. 

Moiuter,  motutrouM  (430) :  developed  in 
an  unnatural  manner. 

Morphine,  57. 

Morpholcpy,  14,  60,  224. 

Mdrjt/iosts :  the  manner  of  derelopmenk 

Afotchate  -  exhaling  the  odor  of  musk. 

Moulds,  65. 

Mmcilage:  dissolved  vegetable  jelly,  or 
dextrine,  55,  193. 

MMcilagimmg^  miceote,  or  amoons  .*  slimy. 

Macro:  a  short,  sharp  point. 

Mdcronate:  abruptly  tipped  with  a  ma- 
cro; 162,  flg.  276,  231. 

MucrdHulate:  tipped  with  a  minute  ma- 
cro. 

Mulberry,  475. 

MhU  :  a  hybrid. 

Multanjiular :  man^«an^ed. 

il/u//i-,  m  Latin  derivatives :  many;  as, 

MuUicOiiud  {mdUieem) :  many-headed ; 
wnere  several  ouds  or  shoots  pro- 
ceed from  the  crown  .of  one  root. 

Mukifariotu:  manv-sided. 

MiUtijid:  many-deft,  159. 

Mmhtfidroui :  many-flowered. 

MulhJwfoU:  in  many  paint. 

Muittldadar:  many-celled. 

M'dUivle:  compound. 

MHlhple./ruiti,  309,  318. 

Mutludrtal:  in  aevwal  horizontal  ranks. . 

Malti$eptate:  many-partkioned. 

MdrioateT  rough  with  short  and  hard 
points* 

MuricukUe:  minutely  muricate. 

MusacesB,  490. 

Muscardine,  508. 

Mtucariform:  brash-shaped. 

Musci  (Mosses),  502. 

Mtueiform:  nnoss-like. 

Muadokgy:  the  department  of  Botany 
wludi  treau  of  Mosses.  • 

Mustard,  389. 

MdticoMM:  pointless;  blunt 

Mjfcdtium^  507. 

dJyodloffy^  or  Mycttdhgy:  the  depart- 
ment of  Botany  which  treats  ef 
Fnnm. 

MjfcropyU:  see  Micropyle. 

Myricaoesi,  477. 

Myrsinacee,  443. 

Myristicaoea,  383. 

Myrrh,  407. 

Myrtacee,  418. 


Digitized  by 


Google 


GLOSSARY  AND  INDEX* 


541 


Kaiadaccie,  487. 

Naked  flowers:  same  as  achlam  jdeoiis ; 
or  destitate  of  involocre,  &c. 

Naked  ouides  and  seeds,  296,  320. 

Names  of  species  and  genera,  363 ;  of 
orders,  tribes,  &c.,  373. 

Ndpi/orm :  turnip-shaped,  84. 

Natant:  floating  under  water. 

Natural  system,  365,  366. 

Naturalized:  species  introduced,  but 
growing  completely  spontaneous, 
and  propagating  by  seed. 

Navicular:  boat-shaped. 

Nefmlote:  clouded. 

Neck:  the  junction  of  root  and  stem. 

Necklace-shaped:  see  Moniliform. 

Nectar :  the  honey  of  a  flower,  or  any 
sweetish  exudation. 

Nectary  (nectarium) ;  a  place  or  thing 
in  which  nectar  is  secreted:  for- 
merly applied  also  to  any  anoma- 
lous part  or  appendage  of  a  flower, 
whether  known  to  secrete  honey  or 
not,  as  to  the  spur-shaped  petals  of 
Aquilegia,  flg.  647,  or  the  two 
singular-shap^  petals  of  Aconi- 
turn,  257,  flg.  402,  404. 

Needle-skaped :  seeAcerose. 

Nelnmbiaceae  (Nelumbo),  385. 

N^meous:  filamentose;  composed  of 
threads. 

Nervation :  the  arrangement  of  the 

Nerves:  parallel  and  simple  ycins. 

Nerved :  nenrate ;  furnished  with  nenres, 
154. 

Nervose :  abounding  In  nerres. 

Netted:  same  as  reticidated. 

Netted-veined,  154. 

Neurose :  same  as  nenrose. 

Neutral :  without  sexes. 

Neutral  flowers:  having  neidier  stamen 
nor  pistil,  263,  436. 

Neutral  ouatemary  products,  196. 

New  Zealand  Hemp,  492. 

Nidulant:  nestling  m. 

Nilid  {nitidtts) :  smooth  and  shining. 

Niveous:  snow-white. 

Nodding:  curved  so  that  the  apex 
hangs  down. 

Node  (knot) :  the  place  on  a  stem 
where  a  leaf  is  attached,  92. 

Nodose :  knotty ;  swollen  in  some  parts, 
contracted  at  others. 

Nddulose:  diminutive  of  the  last. 

Normal:  according  to  rule. 

Notate :  marked  by  spots  or  lines. 

Notorhtzal:  the  radicle  bent  round  to 
the  back  of  one  cotyledon ;  same 
as  incumbent 

Nucumentaceous :  nut-like. 

Ntkelle :  same  as  nucleus. 

NUcifln-m:  nut-like. 

46 


Nucleus:  the  kernel,  297,  320, 322. 

Nucleus  of  a  cell,  26. 

Nuculanium  :  a  name  for  a  berry  like  a 

Nthm:  a  diminutive  nut,  stone,  or 
kernel. 

Niiculose:  containing  nucules  or  nut- 
lets. 

Numerous :  same  as  indefinite. 

Nut,  314. 

Nutlet :  a  small  nut,  or  the  small  stone 
of  a  berry-like  drupe. 

Nutmeg,  383. 

Nutant:  nodding. 

Nutrition,  61,  177. 

Nux-vomica,  434. 

NyctacinacesB,  463. 

NymphieaccaB,  385. 

Oat,  498. 

Ob-  (over  against)  signifies  inversely ; 
as, 

Gbcompressed :  flattened  fore  and  aft,  in- 
stead of  laterally. 

Obcdrdate:  heart-shaped  inverted ;  162, 
fig.  274,  233. 

Obldnceolate :  lance-shaped,  but  broader 
upwards. 

Oblique,  referring  to  shape,  iwequalr 
sided,  165. 

OUUeralion,  309. 

Oblong:  elliptical,  or  approaching  it, 
and  much  longer  tnan  wide ;  fig. 
242. 

Obdvate:  inversely  ovate ;  157,  fig.  232. 

Obtuse:  blunt;  the  apex  an  obtuse  an- 
gle; 162,  fig.  270,  236. 

Obverse:  same  as  ob. 

Obvolute :  a  modification  of  convolute, 
145. 

Ocdlate:  eyed;  a  cireular  patch  of 
,     color  within  another  patch. 

Ochrea  (a  boot) :  a  tubular  stipule ; 
.      171,  fig.  305. 

Ockreaie :  furnished  with  ochres. 

Ochroleikous:  odire-colorcd  (pale  dull 
yellow)  vei^gi^  to  white. 

Octo-:  eight;  in  composition  in  such 
words  as  the  following. 

Octag^nia,  515. 

Octdgynous :  with  eight  pistils  or  styles. 

Octdmerous:  the  parts  in  eights. 

Octandria,  512. 

Octdndrous:  with  eight  stamens. 

Octop^alous:  of  eight  petals,  276. 

O'culate:  eyed ;  same  as  ocellate. 

Officinal  (Mlonging  to  the  shop) :  ap- 
plied to  pUnts.  &c  used  in  meoi^ 
cine  or  the  arts. 

Ofls^,  102. 

Oilnut,  469. 

OUs,  56,  57. 
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Okra,  398. 

Oleaccie,  459. 

OUraoeoui :  of  the  nature  of^  or  fit  for, 
pot-herbs. 

Oliff^i  in  Greek  dcrivatirei :  few ;  as 

CHiptindroHs :  having  few  stamenB. 

Otiffoap^rmouM :  /ew-eeedcd. 

Olive,  Olive-oil,  460. 

Onagraceie,  41  ft. 

One-colled  plants,  61. 

One-^ded:  see  Secund  «iid  UnilatoraL 

Oiiphondia:  the  Ui*gcr  and  compound 
8}K>Fcs  of  Ljco^xliacesB. 

Opaque:  the  reverse  of  shinins ;  dnlL 

Op^rculate:  famished  with  a  Hd  or 

Operculum :  a  lid,  such  as  that  of  the 
spore-cnso  of  Mosses,  502. 

OphioglosscA,  501. 

Opium,  389. 

Opposite  ( leaves,  &c.) :  opposed  to  alter- 
nate, that  is,  placed  over  a^i^nst 
each  other,  78,97,  133,  14L  A 
atamen,  &c.  is  said  to  he  opposite 
A  petal,  when  it  stands  before  it 
<248),  as  in  f\\r.  435  and  670. 

Oppoeitifofimu :  op]K>site  a  leaf,  as  the 
tendrils  of  Viis,  fig.  707,  and  the 
peduncles  of  Ph jtolacca,  fig.  1086. 

Orange,  40  L 

Orbicular:  circular  In  outline. 

Orchidaceae,  488. 

Orders,  359. 

Ordinal:  relating  t«  orders. 

Organic  conatituenU,  179,  180. 

Organization,  17« 

Orffamffpruphif,  14,  60. 

Oi^gam^ny :  the  development  or  for- 
mation of  organs,  268. 

Organs^  18. 

Organa  of  Reproduction,  70. 

Oiyans  of  Vegetation,  ;68,  70,  S04. 

Orohonchaceie,  446. 

Orris-root,  49  L 

Orthopldceous  (emhr^ro) :  with  incum- 
bent and  conduplicato  ootyledons, 
as  in  Mustard. 

OrthtffropoHS,  or  orthiftropal  %yn\e;  298, 
fig.  526.  The  term  when  applied 
to  the  embryo  is  used  as  the  con- 
trary of  antitropotts,  i.  e.  having 
the  radicle  next  the  iiilum,  as  in 
an  atiatropaus  seed. 

Osage  Orange,  475. 

Osmundace«,  or  Osmundiness,  501. 

Osfeous:  of  the  texture  of  bone. 

Ouari  Poison,  434. 

Ond:  broadly  elliptical;  157.  fig.  229. 

O'oarg  :  the  ovule-bearing  portion  of  a 
.      pistil,  223,  287. 

Ovate :  egg-shaped,  or  like  the  longitu- 
dinal section  of  an  egg,  fig.  241. 

Ocoid:  a  solid  ovate  or  ovuL 


dvtdate,   owUdf  or  ovvUfenmi:   beai^- 
I     ing  ovules. 
Uoule:  an  nnimpregnated  seed  orbody 

destined  to  broome  a  seed,  223^ 

297. 
Oxfllidacett,  404. 

Palate:  an  inward  projection  of  ^ 
lower  lip  of  a  pKersonate  con^; 
278,  fig.  459,  460. 

Pdlea^  or  pala:  a  chaff*;  one  of  the 
bracts  on  the  receptacle  of  Com- 
positSB,  215,  435 ;  one  of  die  inner 
{tracts  or  ghunes  of  Grasses,  497. 

PaledceoHf :  chafT-like,  or  bearing  chaff. 

PaUbla  2  diminutive  of  palca ;  one  of 
the  minute  innermost  scales  of  the 
fiowcr  of  Grasses.  See  Squa- 
mclla. 

PalmiB  (Palms),  484. 

Pabnate :  lobcd  or  divided  so  that  the 
sinuses  all  point  to  the  apex  of  the 
Dctiole,  either  moderately,  as  in  a 
Maple-leaf,  or  so  as  to  make  the 
lear  compound,  as  in  Horscchest- 
nut,  when  it  is  the  same  as  Digitate; 
161,163,164. 

PalinatelH  lobed,  deft,  parted,  &c^  161. 

PoZ/nate^  2  -  plunfoliolate,  164. 

Palmatenf  veined,  156. 

Pahndtijid:  palmately  cleft;  fig.  265. 

Palmdtiaect:  palmately  divid^;  fig. 
267. 

Palttdotttpaliutrine:  inhabiting  manhes. 

PandanaceiB,  485. 

Pdndurale,  or  pandtiri/orm :  same  at 
fiddle-shaped. 

Panicle :  a  raceme,  branched  irregular- 
ly; 216,  fig.  326. 

Paniaed,  or  paniculate:  arranged  in  a 
panicle. 

PapaveracesD,  388. 

Papaw,383,422. 

PapayaceiB,  422. 

Papery:  of  the  consistence  of  letter- 
paper. 

Papilionaceie,  413. 

Papilionaceoua:  butterfly-like,  253. 

Pdpilloee,  or  pdniliate:  bearing  small, 
aoft  proiections  (papillae,  nipples 
or  pimples). 

Pappo$e,  or  pappfferom :  bearing  a 

Pappus  (thistle-down),  260,  314,  435. 

Papyraceous:  papery. 

Papyrus,  496. 

ParacoroUa :  an  appendage  or  duplicate 
of  a  corolla,  such  as  was  once 
called  a  nectary. 

Pamllel'Ceined  or  nerved,  154. 

Pardphgnis :  jointed  thread-like  bodies 
accompanying  the  pbtiUidia  at 
Mosses. 
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Parasitic  plants,  or  Panuite$:  living  on 

the  juices  of  other  plants,  88. 
Parattimon :  same  as  Suuninodiuro. 
Panfnchyma:  soft  cellalar  tissue,  41. 
Parietal :  attached  or  belonging  |o  the 

walls,  292. 
Parietes :  walls  of  an  ovary,  &c 
ParipinnaU:  same  as  abruptly  pinnate, 

163. 
ramassiaccie,  394. 
Parsnip,  426. 
Partea,  or  partiU:  cut  almost  through ; 

160,  fig.  262,  266. 
Partial  pedunde,  211. 
Partial  petiole,  164. 
Partial  umbd,  2\6. 
Parthenogenesis,  300,  340. 
PassifloraceaB  (Passion-flowers),  422. 
Pat^liform:  kncepan-shaped. 
Patent :  spreading  wide  open. 
Pdtulom :  moderately  spreading. 
Pauci;  in  Latin  derivatives  :  few ;  as 
Paucijldrous :  fcw-fiowered. 
Peach,  415. 
Pear,  416. 
Pear-sha^:    ovoid  at  the  extremity,* 

conical  at  the  base. 
P^inate :  pinnatifid  with  close-set  and 

equal  lobes,  like  the  teeth  of  a  comb 

ipeden),  160. 
Pcctine,  and  Pectic  acid,  55,  310. 
Pedate :  palmate,  with  the  lateral  lobes 

again  lobcd  ;  appearing  like  a  bird's 

foot,  161,  fig.  249. 
Pedatfh:  in  a  ]Kdate  mode. 
P€dicH:  the  stalk  ofa  particular  flower, 

211. 
P€dicidlaie^  pediodUd:   having  a  pedi- 
cel. 
PediiiwU:   a  flower-stalk    in  general. 

either  of  one  blossom  or  a  whole 

cluster,  211. 
Pediinculatey  pedunded :    having  a  pe- 
duncle. 
Pdoria,  278. 
Peltate :  shield-form  or  taiget-shaped  ; 

fixed  by  tlie  centre  or  some  port 

of  the  lower  surface;  fig.  248,  681. 
Peltinervfd:  pcltately  veined. 
Pdvifonn :  open  cup-shaped. 
Pendent,  penaulous :  hanging  down. 
Pen(ciilate^  peniciUifonit :  tipped  with  a 

brush  of  hairs,  like  a  camers-hair 

pencil. 
Pennate :  same  as  pinnate. 
Penni/orm:  feather-like. 
P^nninerctd:  same  as  pinnately  nerved 

or  veined. 
Penta-y  in  Greek  derivatives :  five ;  as 
Pentacdrpellary :  of  five  carpels. 
Pnifactkrous :  offivecoccL 
Pcntag^'nia,  515. 


Pentdqynous :  with  five  pistils  or  styles, 
287. 

Pentdmerous :  of  five  parts ;  234,  239, 
fig.  354. 

Pentandria,  512. 

Pentdndrous  :  having  five  stamens,  279. 

Pentapetalous  :  of  five  petals,  276. 

Peniaphj^ous  :  five-leaved,  275. 

PentdpteroHs :  five-winged. 

Pentasepalaus :  of  five  sepals,  274. 

Pentdstidious :  in  five  vertical  ranks, 
135. 

Pepo:  a  Gourd-fruit,  312. 

Pepper,  456,  469. 

Perennial:  lasting  rear  after  year,  84. 

Perfect  ^fiower :  one  W\'ing  both  stamens 
and  pistils,  261. 

Per/dliate:  when  the  stem  appears  to 
pass  through  the  leaf;  165,  fig. 
293,  294. 

P^forate :  pierced  with  holes,  or  having 
transparent  dots  which  look  like 
holes. 

Pergam^neom,  or  pergamentdceous  :  like 
parchment. 

Peri',  in  Greek  derivatives  :  around. 

Perianth  (peridnthium)  i  the  floral  en« 
velopes  collectively,  either  of  one 
set  (calyx)  or  of  two  sets  (calyx 
and  corolla),  222. 

Pericarp  :  the  ovary  in  fruit,  308. 

Period f pic :  belonging  to  tlio  pericarp. 

Periduttial :  relating  to  the 

P^richath,  or  peric^tium :  the  cluster 
of  peculiar  leaves  surrounding  the 
base  of  the  fruit-stalk  of  Mosses. 

Peridinium:  a  name  for  the  involucre 
of  CompositflB. 

Periderm :  same  as  Epiphloeum. 

Ptfrigone,  or  perigdniuin :  same  as  Peri- 
anth. 

Perigiinium :  bristles  or  other  organs,  of 
doubtful  nature,  around  the  pistil  in 
Cyperaceas,  497. 

Perfgynous :  borne  on  the  calyx ;  liter- 
ally around  the  ovary ;  i.  e.  when 
the  petals  or  stamens  are  adnate  to 
the  base  of  the  ovary  or  to  the 
calyx ;  251,  268,  fig.  388, 389,281. 

Peripftalous  :  around  the  petals. 

Peripheric:  surrounding  the  circumfer- 
ence. 325 ;  as  the  embryo  around 
the  albumen  in  fig.  621. 

P^risperm:  the  albumen  of  the  seed, 
322,  or  that  albumen  which  is 
formed  in  the  tissue  of  the  nucleus, 
323. 

P^ristomCy  502. 

Peritropousy  peritropal  (seed) :  horizon- 
tal to  the  axis  of  the  fruit. 

Perpendicular  system  of  the  stem,  112. 

Persimmon,  443. 
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Penistent :  remaining,  m  the  leaves  of 
evergreens  through  the  winter,  172 ; 
and  the  calyx,  &c.  of  many  plants 
until  the  fruit  in  formed,  279. 

Personate:  masked;  278,  fig.  459, 
460. 

Pertiise :  having  slits  or  holes. 

P&utate:  having  p^nda  or  bud-scales. 

Penivian  Bark,  432. 

Petal:  a  leaf  of  the  corolla,  222. 

P^kdme^  or  ptflaloid:  petal-like,  in  color 
and  texture,  260. 

Paiofar :  borne  on  the  petiole. 

J^^iolate,  petioled :  having  a  petiole. 

Ptftiole:  leafstalk,  145,  170. 

Petiiffulate:  the  leaflet  stalked,  164. 

P^iolule:  the  stalk  of  a  leaflet,  164. 

Phandgamom^  ot  vhanerdffamous :  hav- 
ing manifest  flowers,  69. 

Phienogamous  or  Phanerogamous 
Plants,  69,  369,  375. 

Phalanges:  bundles  of  adelphous  or 
clustered  stamens. 

Phordnthium :  the  receptacle  of  Com- 
posite. 

PhryinaccflB,  450. 

Phyrdlogv :  same  as  Algology. 

Phylla :  leaves,  274.  ^yllous :  leaved, 
as  Z-phylloua^  three-lcavcd,  &c. 

Phjfltod(nrou8 :  bearing  or  resembling  a 

PhtfUddium:  a  dilat^  petiole  taking 
the  place  of  a  blade,  1 70. 

Phjfllotdxis,  OT  phijllotdxy^  133. 

Physiological  Botany,  14,  17. 

Phytelepnantcffi,  4851 

Phytdgraphy :  descriptive  Botany. 

PhytolaccaocoB,  463. 

Phytdlogy :  Botany  in  general 

Pkyton:  a  simple  plant-individual,  or 
plant-element,  96. 

Phyfdtomy:  vegetable  anatomy,  14. 

Pileate,  p{ie(fortn :  like  a  cap  or 

Piletti,  507. 

PiUorhita :  the  cap  of  a  root,  as  found 
in  some  aquatic  plants ;  flg.  102. 

Pdiferoits :  bearing  or  tipped  with  hairs 
ipiii), 

Pdoee:  hairy,  as  distinguished  from 
woollv  or  downy ;  i.  o  distinct  and 
straight,  but  not  rigid  hairs. 

Pilosity  .*  liairiness. 

Pimento,  418. 

Pine-apple,  492. 

Pincy  Tallow,  400. 

Pink-root,  435. 

Pinna :  one  of  the  primary  divisions  of 
a  pinnatcly  compound  leaf,  1 64. 

Pinnaiff  pinnated:  a  compound  leaf 
with  leaflets  arranged  along  the 
sides  of  a  common  petiole  ;  163, 
fig.  288-290. 

Pinnutely  cUJX,  lobed,  parted,  &c.,  160. 


Pinnateh  ^-piurifoliclaie^  &e.,  164. 

Pinnately  veined^  155,  160. 

Pinndtijid:  pinnatcly  clef^  ;  fig.  261. 

Pinndtitect:  pinnately  divided;  fig. 
263. 

Pitmule :  a  secondary  division  of  a  fnn- 
nately  compound  leaf. 

PiperaceiB,  469. 

Piperine,  469. 

P(giform:  pea-shaped. 

Pistachio-nut,  406. 

Pidil:  the  ovule-bearing  oxfstai  o(  a 
flower,  223,  287. 

PittiliaU :  furnished  vdth  pistils,  or  pis- 
tils only,  261. 

PirtilUdium,  337. 

Pitch,  480. 

Pitchers:  see  Ascidium  ;  169,  387,  fig. 
299-801. 

Pitcher-shaped:  campanulate  or  tubular, 
but  with  a  narrower  mouth. 

Pit*,  118. 

Pits,  37. 

Pitted:  marked  with  small  depressions. 

Pitted  tissue,  45. 

Placenta :  the  place  or  part  of  the  ovaiy 
which  bears  the  ovules  or  seeds, 
289. 

PUtcentation  :  the  arrangement  of  pla- 
centas. 

Placentiferous :  bearing  the  placents. 

Plac^ntt/orm :  nearly  the  same  as  quoit- 
shaped. 

Plaited:  see  Plicate,  273. 

Plane:  flat 

PlantaginacesB,  444. 

Platanacee,  476. 

Platycdrpcms :  broad-fttiited. 

PUuh,  in  Greek  derivatives :  full  of,  or 
many ;  as 

Pleiospermous :  many-seeded,  &c 

Pleur€nchyma :  woody  tissue,  41. 

PUurorhdal :  embryo  with  the  radicle 
lying  against  the  side  or  edge  of 
the  cotyledons;  same  as  accum- 
bent. 

Plicate,  plicative  :  thrown  into  longitu- 
dinal plaits  {pliae);  folded,  144, 
273. 

Plum,  415. 

Plumbaginaceie,  .444. 

Plumose :  feathered  ;  when  bristles,  &c 
have  flne  hairs  on  each  side  like 
the  plume  of  a  feather,  as  the  pap- 
pus of  Thistles,  &c. ;  fig.  890. 

Pldmufe :  the  bud  or  growing  point  of 
the  embryo  above  the  cotyledons, 
71,324. 

Phtri;  in  words  of  Latin  origin :  sev- 
eral, at  least  more  than  one ;  as 

Plurijidrons :  several-flowered. 

Plunfiliolate :  bearing  several  leaflets. 
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PlwnUkmlar:  several-celled. 
Pdcuit/onn :  deep  cap-shaped. 
Pod:  a  dry  dehiscent  fruit,  315. 
Pddo6perm :  seed-stalk,  297. 
PodostemaceaB,  471. 
Pointleaa :  see  Muticons. 
Pointietted:  same  as  Apicnlate. 
Poiemoniace£e»  453. 
Pollen :  the  contents  of  the  anther,  223, 

285. 
PoUen-tube,  286,  302. 
PoUknia :  pollen-masses,  286,  489. 
PoUim/erous:  bearing  pollen. 
Poiif'f  in  Greek  compounds  :  numerous. 
Polyad^phia,6l3. 
PolyadfUphous:  having  the  filaments  in 

several  sets,  280. 
Polyandria,  512. 

Poltfdndrous :  with  numerous  stamens, 
especially  when  inserted  on   the 
receptacle,  242,  280. 
Pofudnthous:  many-fiowered. 
Pohfcdrpic:  fruiting  many  times,  i.  e. 

year  after  year;  perennial,  101. 
Poljfc^ohalous :  bearing  many  heads. 
PoMadous:  much-branched. 
Pofddkxous :  of  several  cocci, 
PolycottfUdonous :  having  several  cotyle- 
dons, 79,  326. 
Polygalaceae,  411. 
Polygamiii,  513,  515. 
Pohjgamoua:  having  both  perfect  and 

separated  flowers,  262. 
Polygonaceas,  465. 
Poisonous:  many-angled. 
Polygyna,  515. 
Polyyynous:   with  numerous  pistils  or 

styles,  287. 
Po/^merous:  formed  of  many  members. 
PoUfitufqihous :  various  in  form. 
PoUfpaa/ws :   having  distinct   petals, 

249,  275. 
Pdfyphore:   a  common    receptacle   of 

many  carpels,  as  in  Strawberry. 
Pciyphjfllous :    many-leaved  or  several- 
leaved,  275. 
Polypodiaceae,  or  Polypodine»,  501. 
Polvrhizal:  many-rooted. 
Paijfs^palous:  of  two  or  more  distinct 

sepals,  249,  275. 
Pofjfspifirmous :  many-seeded. 
Potj^porous:  containing  many  spores. 
Polyst^iuonous  :  with  many  stamens. 
Pome:  an  apple,  pear,  &c.,  312. 
Pome«,  or  Pomaceo),  416. 
Pomc^^nate,  418. 
PomifirouM :  pome-bearing. 
Pomhloyy :   the  department  of  Botany 

relating  to  fruits. 
PontcdcriucesB,  495. 
Porose :  porous,  having  holes. 
Portulacaccoi,  396. 

46* 


Posterior  (in  the  flower)  ;  next  the  com- 
mon axis,  237. 
Pdsticous:  same  as  extrorse. 
Potato,  456,  455. 
Poach:  see  Silicle,3l7. 
Prafloration :  same  as  Estivation,  269. 
Pra foliation:  same  as  Vernation,  143. 
Pramdrse:  as  if  bitten  off. 
Prickly:  armed  with 
Priddet,  52. 

Pi-Onine :  outer  coat  of  the  ovule,  298. 
Primdrdial  leaves,  143 ;  utricle,  26. 
Primulaceae,  443. 

Pristnatic,  nrismatical :  with  flat  longi- 
tudinal faces,  separated  by  angles. 
Process :  any  projection  from  a  surface. 
Procumbent:  lying  along  the  ground, 

102. 
Produced:  prolonged  or  extended. 
Pro^mbryOf  338. 

Proliferous  (bearing  offspring) :  develop- 
ing new  branches,  flowers,  &c.  from 
the  older  ones,  or  from  unusual 
places. 
Prone :  lying  face  downwards. 
Proper  juices,  57. 
Pros^ndiyma^  41. 
Pros€nlMsis^  236. 

Prostrate :  lying  flat  on  the  ground,  102. 
Proteaccffi,  468. 
Proteine,  27,  53,  57,  196. 
Proterdnihous :  where  flowers  are  pro- 
duced earlier  than  the  leaves. 
Prothdllus^  or  protothaUus,  338. 
Protophytes  :   AlgiE  and  Lichenes  are 

so  (^led. 
Protoplasm,  26,  53,  57,  196. 
Prdinate,  pniinose:  as  if  frosted  over. 
Pniniform:  plum-shaped. 
Pseudo-bulb :  a  kind  of  corm,  as  of  epi- 
phytic OrchidacesB. 
Pseudo-parasitic:  same  as  epiphytic 
Pterocdrpoits  :  wing-fruited. 
Pteroid:  wing'like. 
Pub^ent:  clothed  with  soft  or  downy 

hairs,  or  pubescence, 
PuaitSni/onn :  dagger-shaped. 
Pulque,  491. 
Pulse,  413. 
Puiveraceous,  or  pulv&uJIent:    dusty  or 

powdery  on  the  surface. 
PiUmnate:  cushioned. 
Pulvfnus  (a  cushion) :  an  enlargement 
at  or  below  the  base  of  a  leafstalk. 
Pumpkin,  423. 

Punctate :  dotted  as  if  bj  punctures. 
Pungent:  pricking;  rigid-pointed. 
Piistxdate:  blistered. 
Putdmen :  the  stone  or  shell  of  a  drupe, 

310,  312. 
Pyr^nce:  the  stones  of  small  drupes; 
same  as  nucules. 
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Platform:  pcftr-shapcd. 
PyroIcflB,  or  Pyrolacefls,  440. 
Pyxidate :  furnished  with  a  lid,  like  a 
Pjfxidiumy  or  pyxis :  a  pod  opening  bjr  a 
lid;  317,  fig.  575,  588,  950,  &c 

Quadrdnffular :  foar-anglcd. 

Quadri-.m  Latin  compounds:  four. 

Qtadnfarioiia :  in    four  vertical  ranks. 

Qnddrtfid:  four-cleft. 

Quadrifdliaie :  four-leaved. 

Qitadnfdiiolate :  of  four  leaflets. 

Q'tadnjuffote :  four-paired. 

Quadripartite:  four-parted. 

Quandang-nnts,  460. 

Quassia,  405. 

Quat/rnnrtf :  consisting  of  four,  239. 

Quaternary  products,  53,  57,  196. 

Q'latifm'jte :  in  fours. 

Quercitron,  Qucrcine,  476. 

Quin-,  in  Latin  compounds:  five  in 

number. 
Quinary :  consisting  of  five,  234,  239. 
Q'dnate :  in  fives. 
Quince,  416. 
QuiticUncial:  five-ranked ;  in  a  quincunx, 

135, 270. 
Quinine,  Quinia,  57,  433. 
Qttinquffarious :  five-ranked. 
QtUnquefdliate :  fivC'leaved. 
Qttinqitefdiiolate:  of  five  leaflets. 
Quinqueldcuiar :  .five-celled. 
Quinquina  Bark,  433. 
QuMupU :  dividing  into  five  parts. 
Quintuple-ribhed,  or 
Quinttipli-nerved,  156. 

Race:  a  varietj'  perpetnable  by  seed, 
356. 

Itdceme :  an  indefinite  inflorescence  with 
single  pcdicelled  flowers  arranged 
along  a  prolonged  axis;  211,  fig. 
807. 

Bacemiferoui :  bearing  racemes. 

Rac^mtform :  resembling  a  raceme. 

Rdcemo»e:  bearing  or  resembling  ra- 
cemes. 

Rachis :  see  Rhachis. 

Radial:  belonging  to  the  border  or  ray. 

RddiaUf  radiant:  spreading  from  or 
arranged  around  a  centre ;  having 
rays. 

Bddiated-veined,  156. 

Radical:  relating  to  the  root  (radii). 

Radical  leavet :  those  apparently  spring- 
ing from  the  root,  143. 

Rddicant:  rooting. 

Radicd:  a  diminutive  root  or  rootlet. 

^udicifldrom :  floMrering  from  the  root, 
or  apparently  so. 

Radici/orm:  appearing  like  a  root 

Radicle :  a  diminutive  root ;  tlic  part  of 


an  embiyo  below  the  cotyledons, 

71,  324. 
Radii:  rays. 
Rafilesiaceie,  463. 
Ramalf  or  rameal :  relating  to  brandies, 

143. 
Ram€nta^  raments :  thin  chafly  scales  in 

place  of  hairs. 
Ramentdceous :  bearing  raments,  as  the 

stalks  of  many  Ferns. 
Ramification,  97. 

Rdmtflorous :  flowering  on  the  brandies. 
Ramose :     bearing    branches    {rami) ; 

branchy. 
Rdmuloae:    bearing   many    branchlets 

(rdmuli), 
Ranunculaceae,  380. 
Raphe :  see  Rhaphe. 
Raphides :  crystals  in  plants,  59 
Rare :  thinly  set ;  sparee  or  few. 
Raspberry,  416. 
Ray :  the  mai^nal  flowers  of  a  head, 

when  different  from  the  rest,  436 ; 

the  branches  of  an  umbel,  &c. 
Ray-fiower,  436. 

Receptacle  of  the  flower,  224,  266. 
Receptacle  of  inflorescence,  21 1,  215. 
Recess:  same  as  sinus. 
RtSdinate^  reclined:   falling  or  tuned 

downwards. 
R^inerved:  parallel-veined. 
Rectis&ial:  in  rectilinear  ranks,  141. 
Reairved:    curved,  especially    corred 

backwards. 
Reddplicaie,  reduplicative^  273. 
ReJUxed :  bent  downwards   or   badL- 

wards. 
Rpfraded:  snddenly  bent  backwards. 
Regular :  the  members  alike  in  sixe  and 

form,  239,  277. 
Riniform:    kidnev-shaped ;    same   as 

round-heart-shaped,  but  the  breadd^ 

greater  than  the  length ;  flg.  245. 
Repdttd:  bowed,  the  margin  obscnrdy 

sinuate,  159,  fig.  257. 
Repent:  same  as  creeping,  102. 
Replicate:  folded  back. 
Re'plum  (a  door-case) ;  the  frame4ike 

placcntsB  of  PapaveraccsB,  &c.  from 

which  the  valves  of  the  pod  fiUl 

away  in  dehiscence. 
Reproduction,  20, 21 ,  61 ; — in  Cryptog*- 

mous  plants,  330. 
Reproductive  organs,  70. 
Reptant :  same  as  repent. 
Resedaocie,  391. 
Resins,  195. 

Respiration,  178, 199,  202. 
ResttacefB,  496. 
Restipinate :  underside  up,  or  having  that 

appearance. 
RelSculaUd:  netted,  154. 
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Retindcutum :  a  stay  or  holdfast:  ap- 
plied to  the  processes  bearing  the 
seeds  of  Acanthaceie,  &c. 

R^inerved :  same  as  reticulated. 

RetrocHrrtd:  same  as  recurved. 

Retrofl^xfd :  same  as  reflcxed. 

Retrqfractedj  same  as  refracted. 

Rdnfrse:  backwards,  directed  back- 
wards. 

Jtelrov^ried :  turned  npside  down. 

RetUse  :  slightly  notched  at  a  rounded 
apex ;  162.  fig.  272. 

RivoLuitt  revoliUive :  rolled  hackwards, 
144. 

Rhachis  (back-bone):  the  axis  of  a 
apike,  &c.,  211. 

Rhamnace<e,  40$. 

Rhaphe  of  an  ovule  or  seed,  299,  fig. 
529,  r. 

Rhatany,  412. 

Rhizdnthtnu:  root-flowered;  .as  when  a 
flower  (like  Rafflesia,  fig.  150),  or 
a  cluster  of  fiowers,  &c.  without 
green  foliage  (like  Beech-drops), 
is  parasitic  by  what  answers  to 
roots,  on  some  foster  plant 

RhhocdrpouM  (root-fruiting J  :  having  a 
perennial  root. 

Rhizdma:  rootstock,  106. 

RhhomorphouM :  root-like. 

RhizophoracesB,  419. 

Rhodospcrmcfe,  509. 

Rhotnbic:  rhomb-shaped. 

Rhomboidcd:  approaching  a  rhomboid 
in  form. 

Rhubarb,  466. 

Rib:  a  strong  nerve  or  part  of  the  frame- 
work of  a  leaf,  &c ,  145,  155. 

Ribbed:  when  strong  nerves  or  ribs  run 
lengthwise  through  a  leaf,  &c 

RicciacesD,  504. 

Rice,  498. 

Rimote :  with  chinks  or  clefts  (nwa). 

Ring  of  Ferns,  501 ;  of  Mosses,  503. 

Rbtgent:  grinning;  when  a  oilabiate 
corolla  IS  open,  278. 

Riparious:  along  water-oourses. 

Root,  79. 

Root-hairs,  81. 

Rootlet :  a  very  small  root,  or  ultimate 
branch  of  a  root. 

Rootatock :  same  as  rhizoma,  106. 

Rosaces,  415. 

RoaaceouB :    rose-like,  276. 

jRdsteilate:  diminutive  of  rostrate. 

Rostrum :  a  little  beak. 

Rdstwte :  beaked,  bearing  a 

Rostrum :  a  beak-like  projection. 

Rffsular,  or  rosuiate :  shaped  like  a  ro- 
.  sctte. 

Rotate ;  wheel-shaped ;  278,  fig.  454. 


Rotation  in  cells  :  see  Cyclosis,  31 . 

RotUnd,  rotUndate :  of  rounded  outline. 

Rough  :  see  Scabrid  or  Scabrous. 

Rubescent,  rvMcund:  reddish  or  rosy. 

Rubiaceie,  431. 

Rubiginose:  rusty  reddish. 

Riideral :  growing  in  rubbish. 

Rudimentary:  imperfectly  or  incom- 
pletely developed. 

Rufescent :  approaching  to 

Rufous:  brown-red. 

Rugose :  wrinkled  {ruga,  a  wrinkle). 

Riminated  (albumen) :  penetrated  with 
holes  or  channels ;  323,  883,  fig. 
658. 

R^cinate:  saw-toothed,  the  teefh  turned 
backwards,  161,  fig.  279. 

Runner,  102. 

Running,  102. 

Rupestrine :  growing  naturally  on  rockf. 

Rvptile :  hnrsting  irregularly. 

RJsty :  see  Fermgineous. 

Rutaceae,  405. 

Rye,  498. 

Sdbuline,  or  sdbttfose:  growing  in  sand. 

Saccate,  sdcciform :  sac-shaped,  278. 

Sac  of  the  amnios,  304. 

Saffron,  491,  437. 

Sdgiitate :  arrow-headed,  or  arrow- 
shaped  ;  lanceolate  with  a  lobe  at 
the  base  on  each  side  pointing 
iMickwards ;  fig.  252. 

Sago,  481,485. 

Salep,  489. 

Salicaces,  or  Saliciniie,  478. 

Salicine,  478. 

Saline,  saUuginous :  growing  in  salt 
places,  or  Impregnated  with  salt 

Salver-shaped:  tubular  and  the  border 
spreading  flat  at  right  angles  to  the 
tube  ;  277,  fig.  457. 

Salvinies,  502. 

Sdmara :  a  key  or  winged  indchiscent 
fruit.  314,%.  577,578. 

Sdmaroid:  resembling  a  samara. 

Sambuccse,  431. 

Sandal-wood,  414, 469. 

SantalacesB,  468. 

Sapy  53.  190. 

Sapindacese,  409. 

Sap-green,  408. 

Sap^illa  Plum,  443. 

Sapotaccie,  443. 

Sap-wood,  35,  124. 126. 

Sdrcocarp :  the  fiesliy  part  of  a  dmpe, 
310,312. 

Samientdceous :  bearing  or  resembling 

Sarments :  runners  or  long  and  flexible 
branches. 

SarraccniaccsB,  887, 

Sorsaparilla,  493. 
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SanraraceflB,  469. 

Saw-iooihed:  same  m  Serrate. 

tSdxatiU :  living  in  rockj  places. 

Saxifragaceie,  424. 

Soabrate,  scabrid,  or  acabrous;  rongh  to 
the  toach. 

Scaldrifrnm :  ladder-shaped,  or  barred. 

Scalart/orm  dacU,  46. 

Soalet:  any  thin  soUe-like  appendages ; 
osnallj  degenerated  leaves,  105. 

Scalhped:  same  as  Crenate. 

Scaijf :  furnished  with  scales,  95, 191. 

Seammony,  455. 

ScandaU:  climbing. 

Scape:  a  flower-stalk  rising  from  the 
ground  or  near  it,  220. 

Scdpiformf  or  mxtpoid :  resembling  a 
scape. 

Scar :  see  Leaf-scar  and  Hilum. 

Scdriose,  or  tcdriouM:  thin,  drj,  and 
membranaceous. 

Scattered:  either  sparse,  or  without  ap- 
parent symmetry  of  arrangement. 

Schixandrese,  382. 

Scion :  a  shoot,  especially  one  used  for 


Sciuroid:  like  a  squirrel's  tail. 
Scleranthese,  396. 
ScUrogen :  same  as  Lignine,  36. 
Scdbi/arm,  or  tcobicular:  like  sawdust. 
Safrpioid :  coiled  round  like  a  scorpion, 

as  the  branches  of  the  cyme  of 

Heliotrope. 
Scnbteulate:  pitted. 
Scrophulariaoess,  448. 
Scrdtijbrm:  pouch-shaped. 
Scmf:  minute  or  bran-like  scales  on 

the  epidermis,  52. 
Scutate,  Kutifarm :  shield-shaped. 
Scut^Yorm :  shaped  like  a  platter  (scii- 

Secretions,  51. 

SectUe:  divided  into  portions. 

Secund:  all  turned  to  one  side  of  an 

axis. 
Seatndine:  the  second  coat  of  an  ovule, 

298 
Seed,  70,  320. 
Seed-vessel,  308. 
Segment:  one  of  the  divisions  or  lobes 

of  a  leaf  or  other  oigan ;  159,  275. 
S^rregate:  kept  separate. 
Semi;  in  Latin  compounds :  half. 
Semi-adherent:  the  lower  half  adherent. 
Semi-amnUxioatd :  half-clasping. 
Semicordate :  half  heart-shaped  (divided 

lengthwise). 
Semi-double:  half-double. 
Semi-ftoacular :  when  the  flowers  of  a 

head  are  ligulate. 
Semilunar,  or  semilunate :  like  a  crescent 

or  half-moon. 


Seminal:  relating  or  belonging  to  the 
seed. 

Seminiferous:  seed-bearing. 

Semiorbicular  :  half-round. 

Semioval :  half  of  an  oval,  and 

Semiovate :  half  of  an  ovate  figure,  di- 
vided longitudinally. 

Semisagittate :  arrow-headed  with  on« 
lobe  wanting. 

Semiseptate:  a  partition  reaching  partly 
across. 

Semiterete:  half-cylindricaL 

Sempervirent :  evei^green. 

Senna,  414. 

Sensitive  plants,  345. 

Sepal :  a  calyx-leaf,  222. 

Se'paline,  sepalous:  relating  to  sepals. 

Se'paioid :  resembling  a  scpaL 

Separated  flmcers :  the  stamens  and  tba 
pistils  occupying  separate  blossoms, 
261. 

Septate:  widi  a  partition  (septum), 

Septiddal,  or  s^fitidde :  dehiscent 
through  the  partitions,  i.  e.  by  the 
lines  of  junction;  316,  fig.  582, 
584. 

Septiferous:  bearing  a  partition. 

Septifragal :  where  the  valves  separata 
from  the  dissepiments,  317. 

Septum  (plural  septa) :  a  partition  of 
any  kind,  316. 

S&ial,  or  striate:  arranged  in  rows. 

Sericeous:  silky. 

Series:  rank. 

Serotinous:  flowering  or  fruiting  late. 

Serrate:  beset  with  teeth  pointing  for- 
wards, like  those  of  a  saw,  159,  &r. 
254. 

S^rratures:  the  teeth  of  a  serrate  body. 

Se'rrulate :  serrate  with  fine  teeth. 

SesamesB,  447. 

S^ile  (sitting)  :  not  stalked,  145,  211, 
281. 

Seta :  a  bristle,  or  bristle-like  body,  52. 

Setaceous^  setiform  :  like  a  bristle. 

Setigeroits:  bristle-bearing. 

Setose:  bearing  or  abounding  with  brit- 
ties. 

SAula:  diminutive  of  Seta. 

S^ulose :  bearing  minute  bristles. 

Sex:  six ;  as  in 

Sexangular:  six-angled. 

Sexfarious:  six-roi^. 

Sexpartite :  six-parted,  &c. 
see  Villous. 
itk:  St.  tubular  body,  enclosing  of 
surrounding  some  other;    as  the 
base  of  the  leaves  of  Grasses ;  170, 
fig.  237. 

Sheathing :  forming  a  sheath ;  see  Ya- 
ginate. 

Shields :  see  Apotheda,  506. 
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Shield-shaped:  see  Peltate,  158,  fig.  848, 

681. 
Shoot :  an  J  fresh  branch. 
Shrub,  shnibbtf,  101. 
SfgiUate :  as  if  marked  with  the  impres- 

sion  Of  a  seal,  as  in  Solomon's  Seal, 

fij?.  168. 
Sigmoid:  curved  like  the  Greek  $igma^ 

or  letter  S. 
Signs  used  in  Botany,  517. 
SilenesB,  395. 
SdicU :  a  ponch,  or  short  pod  of  Cm- 

cifene,  S17,  fig.  703. 
Siliculosa,  515. 
SUiculose:  having  or  resembling  a  sili- 

clo. 
SdSque:  a  long  pod  of  Cmdferse ;  317, 

fig.  589. 
Sinquosa,516. 
SfUquose:  like  a  siliqne. 
Silk-cotton,  399. 
Siiley :  clothed  with  fine,  appressed,  and 

glossj  hairs,  produang  a  satiny 

surface. 
Silver-beny,  468. 
Silver-grain,  120. 
SimarubaccA,  405. 
Simple:  of  one  piece  or  rank. 
Simple  fruits,  309,  311;  leave*,  162; 

pitt'd,  288. 
Sinistrdrse :  turned  to  the  left. 
Sinuate:  strongly  wavy  on  the  maigin, 

with  alternate  convexities  and  con- 
cavities ;  159,  fig.  258. 
Sinus :  a  re-entering  angle  or  recess. 
Stashed:  same  as  Ladniate. 
Sleep  of  plants,  344. 
SmilacefB,  492. 
Smooth :  not  pubescent  or  hairy,  or  else 

(and  more  strictly)  not  rough. 
Snake-root,  412,  462. 
Soap-berry,  410. 

Soboliferous :  bearing  shoots  (soboles). 
Social  (plants) :  growing  gregariously. 
Solanacese,  456. 
Solitary :  single  ;  alone. 
Soluble :  separating  into  parts. 
Sor^iate  *  bearing  little  patches  on  the 

surface. 
Sorose :  heaped,  or  bearing. 
Sonfsis :  a  fleshy  multiple  fruit,  like  a 

mulberry. 
Sori  (sing,  sorus) :  heaps  or  patches,  as 

those  of  the  spore-cases  of  most 

Ferns,  called  in  English /rui^-fi^, 

501. 
Spad(c€<ms :  bearing  a 
SpacUx :  a  sort  of  fleshy  spike,  213. 
Span :  the  length  spannca  between  the 

thumb  and  little  flnger ;  seven  or 

eight  inches. 
Sparse :  scattered  and  generally  scanty. 


Spathdceoui :  bearing  a 

Spathe:  the  enveloping  bract  of  a  spa^ 
dix,  213. 

Spdthulate,  or  spatulate:  shaped  like  a 
drug^t's  spatula. 

Special  directions,  341. 

Species,  19,  354. 

Specific :  relating  to  species. 

SpArnaphore :  a  name  for  the  placenta, 
or  the  funiculus  of  the  seed. 

Spermaiozoicb,  334. 

Spermic,  or  spermous :  relating  to  the 
seed. 

Sp€rmoderm :  the  outer  seed-coat,  320. 

Spicate:  relating  to  or  disposed  in  a 
spike. 

Spki/orm:  spike-like. 

Sp(cula :  a  spikelet 

Spike:  a  prolonged  indefinite  inflo- 
rescence with  sessile  flowers,  212. 

Spikelet:  a  diminutive  or  secondary 
spike ;  the  ultimate  flower-dusters 
of  Grasses. 

Spikenard,  435. 

Spindle-shaped,  84,  fig.  138. 

Spine,  104, 167. 

Spinescent :  tipped  widi  a  spine,  104. 

Spinose:  spiny,  104. 

Spinulose:  bearing  diminutive  spines. 

Spiral ;  as  if  wound  round  an  axis. 

Spiral  arrangement  of  leaves,  134. 

Spiral  markings  on  cells,  39. 

Spiral  vessels  or  ducts,  46. 

SpircsB,  416. 

SpithamaouM :  a  span  high. 

Spdngioles,  or  spongdets,  80. 

Spongy :  of  the  texture  of  sponge. 

Spontaneous  movements,  340,  347. 

Sporddic:  widely  dispersed. 

Spordngium :  a  spore-case,  337, 500,  &c. 

Spore:  the  body  in  Cryptogamous 
plants  which  answers  to  the  seed  in 
the  Phsenogamous,  61,  70,  331. 

Spore-case,  337. 

Spori/erous:  spore-bearing. 

Spdrocarp:  a  kind  of  sporangium,  502. 

SporU,  356. 

Spdrule:  a  spore,  or  small  spore. 

Spondiferous :  bearing  sporules. 

Sintmescent,  spumose :  froth-like. 

Spur:  any  tubular  projection,  278. 

Spurred:  bearing  a  spur,  278. 

Sptamate,  squamose,  squamifisrous  :  fur- 
nished with  scales  {squamce). 

Sqwbne/late :  with  or  resembling  minute 
and  narrow  scales  {squamala,  497). 

Squdmifiirm:  scnie-shaped. 

Squdmulifarm :  like  a  small  scale,  or 

Squdmufa,  497. 

Squdmulose :  covered  with  small  scales. 

Squarrose:  where  scales,  small  leaves, 
or  other  bodies,  spread  widely  from 
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the  axis  on  which  thcjr  are 
crowded. 

Squdrrulose:  diminative  of  Sqnarrose. 

SqtiAsh,  423. 

Squills,  493. 

Stalked:  famished  with  a  stalk,  stem, 
or  any  lengthened  support 

Stalked  ylands,  52. 

SttUklet:  a  diminntiye  or  secondary 
stalk. 

Stainen :  the  fertilizing  organ  of  a  flow- 
er. 223. 

Stdmituite^  or  itamineat:  relating  to  the 
stamens.  A  staminaie  flower  has 
no  pistils,  261. 

Statnini/erous :  bearing  stamens. 

Staminddium:  an  altered  and  sterile  sta- 
men, or  a  body  occupying  the  place 
of  a  stamen. 

Standard:  the  posterior  petal  of  a  par 
pilionaceons  corolla,  253. 

Staphyleaces,  409. 

Star-apple,  443. 

Starch,  54, 193. 

Statice®,  445. 

Station :  the  locality  or  kind  of  situa- 
tion in  which  a  plant  naturally 
grows. 

StellatflB,  432. 

Stellate:  stanj,  star-shaped;  arranged 
in  rays,  like  the  points  of  a  star. 

St^ate  hairs,  52. 

St^lulate :  diminutive  of  Stellate. 

Stem,  91. 

Stemless :  having  no  obvious  stem,  91 . 

StemUt :  a  diminutive  stem ;  the  first 
intemode  of  the  plumule. 

SterculiaceiB,  399. 

Sterigma :  the  adherent  base  or  down- 
ward prolongation  of  a  decurrent 
leaf. 

Sterile:  barren. 

Sterile  flower:  one  having  no  pistils, 
261. 

Sterile  stameni  or  fllamentt:  those  des- 
titute of  anthers,  or  with  the  anther 
imperfect,  281. 

Stigma :  the  part  of  a  pistil  which  re- 
ceives the  pollen,  223,  287. 

Stigmdtic,  or  ttSgrnatoee:  relating  to  or 
bearing  the  stigma. 

Stings,  stinging  hairs,  52. 

Stipe  (stipes) :  a  stalk  of  an  ovary  (267), 
of  a  Mushroom  (507),  and  the 
leaf-stalk  of  a  Fern. 

Stipd:  the  stipule  of  a  leaflet ;  171,  fig. 
286. 

SttpeUate:  famished  with  stipels,  171. 

Stipitate:  having  a  stipe,  267. 

Stipitiform  :  shaped  like  a  stipe. 

Stipuldceous,  stfpular:  belongmg  to  or 
resembling  stipules. 


Sttptdaie,  ttipuUd:  possessing  stipules, 

171. 
Stipule:  an  accessory  part  of  a  leaf, 

one  on  each  side  or  the  base,  145, 

170. 
Stock,  355. 

Stole^  stolon:  a  rooting  branch,  102. 
Stofonfferous :  bearing  stolons. 
Stoma    (plural     stdmata),    stomate:    a 

breathing-pore,  52, 150. 
Stomati/erous :  bearing  stomates. 
Stone  :  the  endocarp  of  a  drupe. 
Stone-fruit,  312. 
Stool :  the  plant  from  which  layers  are 

propagated. 
Storax,  425,  442. 
Stramineous:  straw-like. 
Strangulated:  irregularly  contracted. 
Strap-shaped:  see  Ligulate. 
Stratum :  a  layer. 
Strawberry,  416. 
Striate:    inarked    with    lon^tudinal 

streaks  or  furrows  {stria). 
Strict :  very  straight  or  close,  or  very 

upright 
Slrigiliose :  same  as  Strigose. 
Str^ose :   clothed  with  sharp  and  stout 

close-pressed    hairs    or   scale-like 

bristles  (striga). 
Strobitdceous :  relating    to,    or   resem- 
bling a 
Strobile :  the  cone  of  a  Pine,  &c.,  319. 
Strobiliferous :  bearing  strobiles. 
Stromlmli/erous  :  spirally  twisted,  like  a 

corkscrew  or  a  strombus. 
Slrdphiole :  same  as  a  Caruncle,  322. 
Structural  Botany,  14. 
J^rumose:  swollen  on  one  side,  bearing 

atfruma  or  wen.. 
Strychnine,  57,  434. 
Stupose:  tow-like. 
Stipe :  a  columnar  or  slender  part  of  the 

pistil  above  the  ovary,  223, 287. 
Stytiferous:  stvle-bearing. 
Stjliform:  style-shaped. 
Stglopddium :    an  enlaigement  or  fleshy 

disk  at  the  base  of  a  style,  as  in 

Umbelliferse. 
StyracesB,  442. 
Sub-,  as  a  prefix,  means  somewhat,  of 

slightly;  as 
Subacute :  somewhat  acute. 
Subclass,  362. 

Subcordate ;  slightly  heart-shaped,  &c. 
SUberose:  of  a  corky  texture. 
Subgenus.  361,  362. 
Submerged:  growing  under  water. 
Suborder,  361. 

Subspecies  :  a  marked  variety. 
Sabtribe,361. 

SuUnranmn :  growing  beneath  the  sur- 
face of  the  ground. 
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SiSndaiej  sulmliform :  awl-shapcd  ;  nar- 
row, and  tapering  to  a  sharp  rijjid 
point,  as  tho  leaves  of  Juniper,  ^. 
166. 

Succise :  as.  if  cut  off  at  the  end. 

*S'Mceo»c,  stuxulent :  juicy. 

SticcuboM:  the  apex  of  each  leaf  cov- 
ered by  tho  base  of  tho  next,  as  in 
Junfjormannia, 

Suecident  Imvts,  166. 

Sucktr,  102. 

Suffrut^scent :  sliprhtly  shrubby,  101. 

SnJf)iUex :  an  undcrshrub. 

Sujf'niticose:  low  and  shrubby,  or  shrub- 
by at  the  base,  101. 

Sugar,  53,  193,  194. 

Sulcate :  longitudinally  grooved. 

Super-f  al>ove ;  as 

tSuper-axUlarif :  above  the  axil. 

Superior:  aliovc,  252  ;  also,  on  the  up- 
per side  of  the  flower,  i.  e.  next  the 
common  axis  (237),  as,  for  exam- 
ple, tho  vcxilhim  of  a  papiliona- 
ceous corolla  (fig.  372,  a)  is  the 
superior  petal. 

Superposed :  one  above  another. 

Superposition^  248. 

Supe'rvolute,  274. 

Supine:  lying  flat  with  face  upwards. 

Suppression :  obliteration  of  parts,  239, 
255. 

Supra- f  above  ;  as 

Supra-axillarif :  above  the  axil. 

Supra-decompound:  several  times  com- 
pounded. 

Sdrculose:  producing  suckers. 

Silrculus:  a  sucker,  102. 

Suspended:  hanging  from  the  apex,  297. 

Suspensor  of  the  embr>'0,  306. 

Sutural:  rehiting  to  tho 

Suture:  the  seam,  or  line  of  opening 
of  a  pod,  &c.,  289. 

Sword-shajtfd :  a  blatlo  with  two  sharp 
and  nearly  parallel  edges,  tapering 
to  a  point,  as  in  Iris,  fig.  291. 

Syconium,  or  si/conus :  such  a  fruit  as  a 
fig. 

Symniftrical :  equal  in  tho  number  of 
all  the  parts,  232,  239. 

Sympetalous :  l)ecoming  somewhat  mon- 
opetiilous  by  a  junction  of  the  base 
of  the  petals  with  the  monadel- 
phous  stamens,  as  in  the  Mallow 
family. 

Sipnpftydntherous :  same  as  Syngenesious. 

J^mphysis :  a  growing  together  of  parts. 

Symphyst^monous :  the  stamens  united. 

SvmplocineBB,  443. 

SyndiUherous:  united  by  their  anthers; 
whence  Composita  have  been 
named 

Synanthero!,  435. 


Syncdrpotts :    formed  of  two  or  more 

united  carpels,  29U. 
Syncotyle'donous :  the  cotyledons  soldered 

together. 
S^nedral:  growing  on  the  angles. 
Syn^ma :  a  name  for  a  column  of  mon- 

adelphous  filaments. 
Syngenesia,  513. 
Syngenesious:  stamens  united  by  their 

anthers ;  280,  fig.  463. 
Synonyme:    equivalent  or    superseded 

names. 
Syndnymy :  what  relates  to  synonjmes. 
System,  365,  366. 
Systematic  Botany,  15,  351. 

Tahescent :  wasting  or  shrivelling. 

Tabular:  flattened  horizontally. 

Tail:  any  long  and  slender  terminal 
appendage. 

Tail-pomted :  tipped  with  a  prolonged 
and  weak  acumiuation. 

Tannin,  Tannic  Acid,  57. 

Taper-pointed:  same  as  Acuminate. 

Tapioca,  472. 

Tap-root^  84. 

Tar,  480. 

Taro,  485. 

Tawny:  dull  yellowish,  verging  to 
brown. 

Taxineie,  480. 

Tajc<flof;y,  or  Taxtfnomy:  the  depart- 
ment of  Botany  which  relates  to 
classification. 

Tea,  401. 

Teasels,  435. 

Teeth  of  calyx,  corolla,  &c.,  275 ;  of 
leaves,  159. 

Tegnien:  the  inner  seed-coat,  321. 

r«Wri7,  102,  167. 

Tepai :  a  name  proposed  for  a  leaf  or 
part  of  the  perianth  when  it  is  un- 
certain whether  it  belongs  to  tlie 
calyx  or  the  corolla. 

Teratology :  morphology  applied  to 
monstrons  states. 

Tercine:  a  third  coat  of  the  ovule. 

Terete :  long  and  round,  i.  e.  the  cross- 
section  circular. 

Tergeininate :  thrice  twin. 

Terminal:  belonging  or  relating  to  the 
summit. 

Terminology:  the  same  as  Glossology, 
15. 

Ternary :  consisting  of  three,  239. 

Ternary  products,  53. 

Temate:  in  threes. 

TemstroemiaceiB,  401 . 

Tessellated:  in  checker-work. 

Testa :  the  outer  seed-coat,  320. 

Testaceous:  brownish-yellow,  like  un- 
glazed  earthen-ware. 
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Tdm-f  in  Greek  compound  words ;  four. 

TetracdrpeUary :  of  tour  carpels. 

Tetracdmarous :  same  as 

Tetmcikxous :  of  four  cocci. 

Tciradynamia,  512. 

Tetradynamous :  two  of  the  six  stamens 
shorter  than  the  rest;  281,  fig. 
407. 

Tetrdfjonalf  or  tetrdyonout:  four-angled. 

Tetnigynia,  515. 

Tetrdqifnous :  with  four  pistils  or  styles, 
287. 

Tetrdmerous :  the  parts  in  fours,  234, 
239. 

Tctrandria,  512. 

Tetrdttdroits :  with  four  stamens,  279. 

Tetrap^afoua :  with  four  petals,  276. 

Tetraphfdous :  four-leaved,  275. 

TtAratwelrom :  quadrangular,  with  very 
snnrp  and  salient  angles. 

Tdnts^piiious :  with  four  sepals,  274. 

TftrdMtdiOtis :  with  four  vertical  ranks. 

ThalamtJl6rou8 :  with  the  stamens,  &c 
inserted  in  the  receptacle,  or 

Tfidhimus :  the  receptacle  of  a  flower. 

Thallophvtcs,  371,  505. 

TAoZ/itf,  67,  371,505. 

Theca :  an  anther-cell,  281 ;  or  a  spore- 
case.  499,  500. 

Thdcaphore :  same  as  Gynophore,  267. 

TJtread-shuped :  see  Filiform,  166. 

Throat:  the  orifice  of  a  tubular  organ, 
275,  276. 

TTiorn,  104. 

Thyrscy  or  thyrsus:  a  thick  panicle,  217. 

Thyrsoid:  like  a  thyrse. 

Thvmelaccfle,  467 

Tieute,  434. 

TiliaccsB,  399. 

Tissue:  the  fabric  of  plants,  22. 

Tobacco,  456. 

Tomato,  456. 

Tdmentose :  clothed  with 

Tomdntum :  a  close  and  matted  down  or 
wool. 

Tongue-shaped:  long,  fleshy,  nearly  flat, 
and  rounded  at  the  end. 

Tonka-bean,  414. 

Tooth:  any  short  and  narrow  projec- 
tion. 

Toothed:  same  as  Dentate;  beset  with 
teeth  which  on  the  leaf  do  not  point 
forwards;  159,  fig.  255. 

Top-shaped:  inversely  conical. 

Torose :  a  cylindrical  body  swollen  at  in- 
tervals. 

Tortuous:  bent  in  different  directions. 

Tdrulose :  somewhat  torose. 

Torus:  the  receptacle  of  the  flower, 
224. 

TrahdcnUite :  crossi-barrcd. 

Tradita :  a  spiral  vessel  or  duct,  46. 


Trachdnchyma,  46. 

Trdpezoid,  or  trapeziform:  nnsymmet- 

rically  four-sided,    like   a   tiapo- 

zium. 
Tree,  101. 

Tri-,  in  compound  words :  three ;  as 
Triaddfphous :  having  the  filaments  in 

three  sets,  28a 
Tri^dria,  512. 

Tridiidrous :  with  three  stamens,  279. 
Triangular :  three-angled. 
Trianthous:  three-flowered. 
Tribe,  361. 

TricdrpeUary :  of  three  carpels. 
Tricdrpous :  with  three  ovaries. 
Tricdphalous :  three-headed. 
Trichdtomous :  branched  into  threes. 
Tricdccous:  of  three  coccL 
Tricdspidate:  three-pointed. 
Tridduiaie:  three-toothed. 
Tridnnial :  lasting  three  ^rears. 
Trifariout :  in  three  vertical  ranks. 
Tr{fid:  three-cleft  ;  159,  fig.  265. 
Tnfifliate:  three-leaved. 
TrifdUoiaU:  of  three  leaflets. 
TnfUrcate:  tlirec-forked. 
Trigamous :  having  three  sorts  of  flowers. 
Trigonal,  or  trigonous :  three-angled. 
Trij^ynia,  515. 
Trigymus :  with  three  pistils  or  styles, 

287. 
Trijugate:  three-paired. 
TrUateral;  three-sided. 
TrilliacesB,  493. 
Trilobate:  three-lobed. 
Trildcular:  three-celled. 
Trinierous:  the  parts  in  threes;   234, 

239.  fig.  353.  - 
Trindrvate:  three-nerved. 
Trinddal:  of  tlireo  nodes  or  joints. 
Tricecia,  516. 
Tridxuous,  or  trioicous:  having  starai- 

nate,  pistillate,  and  perfect  flowers 

on  three  diflerent  plants. 
Triduuiaie :  having  three  ovules. 
TripartibU:    capable  of  splitting  into 

three. 
Tnpdrtite:  three-parted. 
Tnpdtalous :  of  three  petals,  276. 
TriphylUms :  three-leaved,  275. 
Tripinnate:  thrice  pinnate,  164. 
Tripimtdtijid :  thrice  pinnatifid,  161. 
TripU-rilbed,  or  nerved:  same  as 
Tripli-nervedf  155. 
Tripterous:  three-winged. 
Tnqudtrous :  with  three  salient  angles. 
Trisepalous :  of  three  sepals,  274. 
Trisdrial,  or  trisdriate:  in  three  horizon- 
tal ranks. 
Tristichous :  in  three  vertical  ranks,  134. 
Tristigmdtic :  with  three  stigmas. 
Tristylous :  with  three  styles. 
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Tristflcate:  Ihreo-grooTcd. 

Trit^mate:  thrice  tcmate,  164. 

Trivial  name:  the  popular  name;  •r 
the  specific  name. 

Trochlear:  pulley-shaped. 

Tropsolaceae,  404. 

Tropkosperm:  the  placenta. 

Tropical :  growing  near  or  between  the 
tropics. 

Trumpet-shaped:  tabular,  with  the  sum- 
mit dilated. 

Truncate :  as  if  cut  off  at  the  end ;  1 62, 
fig.  271. 

Trunk :  a  main  stem. 

Tube:  the  portion  of  a  calyx,  corolla, 
&c,  formed  by  the  union  of  the 
sepals,  petals,  &c.,  275. 

Tuber:  a  short  and  thickened  subterra- 
nean branch,  107. 

Tubercle :  a  small  tuber,  or  an  excres- 
cence. 

Tuberded:  bearing  excrescences. 

Tuberiferous  :  bearing  tubers. 

T^Sbenus:  tuber-like ;  85,  fig.  139. 

Tubulom,  tubular:  having  a  tnbe,  or 
tube-shaped,  as  the  corolla  of  Trum- 
pet Honeysuckle,  &c.,  277. 

Tubuliflom,  436. 

Tumid:  somewhat  inflated. 

Tiinkate:  having  an  accessory  covering 
{tunic), 

Tunicated  bulb,  109. 

Turbinate:  top-shaped. 

Turio^  turions :  the  early  state  of  a  suck- 
er or  subterranean  shoot,  as  an 
Asparagus-shoot,  95. 

Turmeric,  490.  * 

Tumeracese,  422. 

Turnip-shaped:  see  Napiform,  84. 

Turnsole,  473. 

Turpentine,  57,  480. 

Twin :  in  pairs. 

Twining:  winding  spirally  round  a  sup- 
port, 102. 

Two-lipped,  255. 

Type:  the  pattern  or  ideal  plan,  231, 
238. 

Tvphace®,  485. 

Typical :  representing  the  type  or  plan. 

Uliginose:  growing  in  marshes. 

Ulmaccfe,  474. 

TJlmine,  Ulmic  Acid,  57. 

Umbel:  an  umbrella-shaped  inflores- 
cence, 212. 

Umbellate,  umbtilifarm :  in  umbels. 

Umbellet:  a  secondary  or  partial  um- 
bel, 216. 

UmbcUiferoi,  425. 

Umbeiltferous :  bearing  umbels. 

Umbilicate:  depressed  in  the  centre, 
like  the  navel. 

47 


UndAlicus :  the  liilum  of  a  seed ;  a  cen- 

,      tral  d^ression. 

Ombonate:  bearing  an  umbo  or  boss, 
a  central  projection. 

Umbrdculiform :  umbrella-fihaped. 

Unarmed:  destitute  of  prickles,  spines, 
&c. 

Uncate:  hooked. 

U'ncijbrm,  or  uncinate :  hooked. 

Undate,  or  undulate  :  wavy. 

Undershrub,  101. 

Unequally  pinnate :  same  as  impari-pin- 
nate,  163. 

Unguiculate :  furnished  3vith  a  claw  (un- 
guis), as  the  petals  of  Saponaria, 
276,  fig.  449,  &c. 

Uni;  in  Latin  compounds :  one. 

Unic^ular :  one-celled,  61. 

Unifi&rom:  one-flowered. 

Uwjbliate:  one-leaved. 

Untfifliolate :  with  one  leaflet. 

Umjugate:  of  only  one  pair,  164. 

Umldbiate :  one-lipped. 

Unildteral :  one-sided :  either  all  dis- 
posed on  one  side  of  an  axis,  or 
turned  to  one  side. 

Unilocular:  one-celled. 

Unin€rvate:  one-nerved. 

Uni6mdate:  one-ovuled. 

Unip^lous :  having  only  one  petal,  as 
in  Amorpha,  fig.  395. 

Ums&ial,  or  unisifriate:  in  one  horizon- 
tal row  or  whori. 

Unisexual:  having  stamens  only  or  pis- 

.      tils  only,  261. 

iJhivalved:  of  one  piece;  one-valved. 

Universal :  same  as  General. 

Upas,  475. 

Urceolate:  pitcher-shaped  or  urn-shaped ; 
i.  e.  hollow  and  contracted  at  the 
mouth. 

TJrticacesB,  473. 

Ulride :  a  small  bladdery  fruit,  314. 

Utricular:  bladder-like. 

Utriculariaces,  or  UtricularinesB  :  same 
as  Lentibulacett,  445. 

Utriculiform :  shaped  like  a  little  bottle. 

Utricu/ose :  bearing  utriculi,  or  bladders. 

Uvularieo,  494. 

Vacciniett,  or  Vacciniacess,  439. 

Vagina :  the  sheath  of  a  leaf,  &c. 

Vaginant:  sheathing. 

Vaginate:  sheathed. 

Vaginula :  a  little  sheath,  as  that  around 

the  sporangium  of  Peat  Moss. 
Vag(nulate :  with  a  vaginula. 
Vague :  in  no  definite  order  or  direction. 
Valerian,  434. 
ValcrianaceiB,  434. 
Vall^'ke:    the   intervals  between  the 

ridges  of  the  fruit  of  UmbcllifersB. 
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ValvatB   or    vdlvtdar  ncstivation,    &c. : 

where  the  parts  meet  by  their  edges 

without  overlapping,  144,  273. 
Valve :  a  door,  or  portion  into  which  a 

pod,  &c.  separates  in  dehiscence; 

also  a  piece  or  leaf  of  a  spathc,  &c. 
Valved:  opening  by  valves. 
Vanilla,  489. 
Variegaled :  having  one  or  two  colors 

disposed  in  patches. 
}  Varieties,  355. 
'    VasaJar :  relating  to  or  famished  with 

vessels. 
Vascular  Plants,  68. 
Vtucular  or  vaaijform  tissue^  40,  45. 
Vasctdum :  same  as  Ascidium. 
Vegetable  Ivory,  484. 
Vegetable  Physiology  and  Anatomy, 

14. 
Vat:  see  Calyptra. 
Veined:  furnished  with  slender  vascular 

or  woody  bundles,  especially  with 

branching  ones,  or 
Veins,  145,  155. 

Veinlas :  destitute  of  apparent  veins. 
Veinleis:  the  smaller  ramifications  of 

veins,  155. 
Velate:  veiled. 
VdiUinous :  velvety ;  covered  with  very 

fine  and  close  soft  hairs,  so  that 

the  surface  resembles  velvet  to  the 

touch. 
Venation :  the  mode  of  veining,  154. 
V€no9e :  veiny ;  abounding  in  veins. 
Ventral:  relating  to  the  inner  side  of  a 

simple  pistil,  viz.   that  next  the 

axis. 
Ventral  suture :  the  inner  suture,  289. 
V^niricose :  big-bellied  ;  swelling  out. 
Ventrktdoee :  somewhat  ventricose. 
Vifnulose :  abounding  in  veinlets. 
Veratria,  494. 
VerbenacesB,  449. 

Vennfcular :  worm-like,  in  shape  or  ap- 
pearance. 
Vernal :  belonging  to  spring. 
Vernation :  the  disposition  of  loaves  in 

the  bud,  143. 
Vtfmicose:  varnished. 
V^Tnrucose:  warty. 

Virruadose:  studded  with  little  warts. 
Versatile:  swinging  to  and  fro;   282, 

fig.  471. 
Vertex :  the  summit 
Vertical :  perpendicular,  lengthwise. 
Vertical  leaves,  165. 
Vertical  tissue  or  system^  45,  50,  112. 
V^nicil,  or  verticei:  a  whorl,  92,  134. 
VerticiUdster :  the  pair  of  dense  cymes 

forming    an    apparent  verticil  in 

most  I^bifitfle,  221. 
Verttciilate:  whorled,  133,  142,  221. 


Vesicle :  a  little  bladder. 

Vesiadar:  as  if  composed  of  little  blad- 
ders. 

Vespertine :  appearing  or  expanding  in 
the  early  evening. 

Vessels,  40. 

VdxiUary  lestivation,  271. 

V^xUlarif:  pertaining  to  the 

VexiUum:  the  stimdard  of  a  papiliona- 
ceous corolU ;  253,  fig.  332,  a. 

Villoee,  or  villous :  shaggy  with  long  and 
soft  hairs,  or  vdlosily, 

Vimfneous :  bearing  or  resembling  long 
and  flexible  twigs,  like  wicker. 

Vine :  any  trailinfir,  climbing,  or  twining 
stem.  The  Vine,  origiiudly,  is  the 
Grape-vine. 

ViolaceiB,  or  Violarieie,  392. 

Virfyoent :  somewhat  green  (virens), 

Virgfote:  twig-like;  wand-like. 

Vindescent :  same  as  Viresccnt 

Viscid,  viscous:  sticky  from  a  tena- 
cious secretion. 

Vitace©,  407. 

Vit^us :  the  thickened  embrytvsac  per- 
sistent in  the  seed,  as  in  Saumrus 
and  Brasenia. 

Viticuhse:  producing  small  suckers  or 
stolons  {viticulce), 

Vittce  (fillets):  the  oil-receptacles  of  tiie 
fruit  of  UmbelliferflB,  426. 

Vittate:  bearing  vittn:  marked  with 
longitudinal  stripes  or  fillets, 
426. 

Viviparous :  germinating  from  the  seed 
(330),  or  sprouting  from  a  bulb, 
&c.,  while  still  attached  to  the' 
parent  plant 

Voftile:  twming,  102. 

Volute :  rolled  up. 

Volva:  the  wrapper  of  Fongi,  507. 

Walnut,  476. 

Wdvif :  see  Undulate. 

Wax,  56. 

Wary :  resembling  beeswax  in  appear* 
ance  or  consistence. 

Wedge-shaped:  see  Cuneate. 

Wheat.  498. 

Whed-shaped:  a  corolla  or  calyx  with 
a  verv  short  tube  and  a  flat- 
spreading  border;  278,  fig.  454. 

Whorl :  a  set  of  oii^ns  arranged  in  a 
cirele  round  an  axis,  92,  134, 
221. 

Whorled:  disposed  in  whorls. 

Whortleberry,  439. 

Wild:  growing  spontaneously. 

Wing:  any  membranous  expansion. 
Also  the  two  side  petals  of  a  pa- 
pilionaceous corolla ;  853,  fig. 
392,  6. 
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Winged:  provided  with  wings. 

Wiiiteres  (or  Winteraces),  381. 

Winter's  Bark,  381. 

Withering :  see  Marcesoent 

Wood,  119. 

Woodu  tissue  or  Jibre^  40. 

Woolfif :  clothed  with  long  and  carlingy 

or  matted,  soft  hairs  or  wooL 
Worm-seed,  465. 


Xyridacese,  496. 

Yam,  492. 

Zanthoxylacese,  or  Zanthoxjiese,  406. 
Zingiberacete,  489. 

Zoospores:  free-moving  spores  of  cer- 
tain Algae ;  336,  fig.  637,  644. 
Zygophylla^^te,  404. 
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It  is  attaclied  to  a  box,  one  aixd  a  half  inches 
high  and  less  than  four  inehes  long,  into  which  it 
is  neatly  folded  when  not  in  use.  The  needles  are 
used  for  dissecting  flowers,  or  other  objects,  too 
small  to  he  othenvise  handled  for  analysis.  The 
lenses  magnify  about  fifteen  diameters;  or,  with 
three  leivses,  about  one-tJiird  more, 

A  thousand  things  about  forest,  field  or  garden, 
afford  objects  of  intense  interest  for  daily  study. 

Frof  ASA  GRAY,  of  JSam^ard  University,  our 
popular  American  Botanist,  says  of  it :  ''  You  are 
at  liberty  to  call  it  the  i«  Gi^y's  M.ici\oscope." 
I  do  not  think  anything  better  com  he  made  for 
the  money J^ 

Price  of  MictX)scope,  with  two  lenses,  -    $2  00 

''    three  "       -     2  50 

For  Sale  by 

I7IS0K,  BLAEEUAir,  TATLOK  &  CO., 

Publishers  of  Gray^s  Botanies. 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


KEBL'S  8E&IES  OF  EVOLISH  OEAKKAES. 

For  freshness,  analysU,  sdentifio  method,  and  praetioal  ntiUtj.  tbis  series 
of  Eogliah  GrsmiouB  is  unrlTsled  by  any  otber  yet  pablisbed. 

PIEST  LESSORS  ^^"^SBtSf^COlglOgjSlgOOL  OBAXKAB. 


HITCHCOOTS  ANATOMY. 
HITCHCOCK^  OKOLOGY. 
KIDDLETS  NEW  ASTRONOMY. 
SILL^  NKW  SYNTHESIS. 
THE  AMERICAN  DEBATER 
THE  HUMOROUS  SPEAKER. 
OUTLINES  OF  OBJECT  TEACHINO. 


ALDEN'S  CHRISTIAN  KTmCS  ;  OB, 

SCIENCE  OP  DUTY. 
000D180N*S  DRAWING-BOOK. 
FROBISHER'S  VOICE  AND  ACTION. 
SLIOT   &   STOREB'B    INORGANIC 

CHEMISTRY. 


FASQUEUE'S  FRENCH  SEBIES. 


Fasquelle^s  Introductory  French  Course. 
FasqueUe*s  Larger  French  Course.    Re- 
vised. 
Fasquelle*s  Key  to  the  above. 
Fasquelle*s  Colloquial  French  Reader. 
Fasquelle*!  Telemaque. 


Fasqiielle*s  Dumas*  Napoleoa. 

Fasqaelle*s  Racine. 

FasqueUe*s  Manual  of  French  Convws^ 

tion. 
Howard^s  Aid  to  French  Composition. 
Talbot*s  French  Prononclation. 


WOODBMrS  GERMAN  SERIES. 


Wbodbttry's  New  Method  with  the  Ger- 
man. 

Woodbury*s  Key  to  above. 

Wood  bury  *s  Shorter  Course  with  the 
German. 

Woodbnry^s  Key  to  the  Shorter  Course. 

Woodbury's  Method  for  Germans  to 
learn  English* 


Woodbury's    Elementary    German 

Reader. 
Woodbury's  Eclectic  German  Reader. 
Glaubenskle«'s  German  Reader. 
Glaubensklee's    Synthetic    German 

Grammar. 
Woodbury's  German  English  Reader. 


Kuhner's  Elementary  Greek  Grammar. 

Questions  on  Kuhner's  Elementary  Greek  Grammar. 

Kendrick's  Greek  Introduction. 


BUSH'S  NOTES  ON  GENESIS.    2 

Tolnmes. 
BUSH'S  NOTES  ON  EXODUS.    2 

Tolnmes. 
BUSH'S  NOTES  ON  LEVmCUS. 

1  Tolnme. 


BUSH'S  NOTES  ON  NUMBERS. 

I  Tolame. 
BUSH'S  NOTES,  ON  JOSHUA. 

1  Tolmne. 
BUSH'S  NOTES  ON  JUDGES. 

1  Tolmne. 


KITTO'S  CYCLOPAEDIA  OP  BIBLICAL  LITERATURE. 
S  Tds.,  half  oalf,  only  complete  edRkm,  fully  illnstnted. 


PROGRESSXYE  SPAIOSH  HEADERS. 


SCHOOL  RECORD& 


BRADBURY'S  SCHOOL  MUSIC  BOOKS,  4c. 
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